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To all whom it may concern: 

Be it known that T NIKOLA TESLA, of 
Smiljan Lika, border country of Austria-Hun- 
gary, have invented an Improvement in Dy- 

5 namo-Electrie Machines, of which the follow- 
ing is a specification. 

My invention relates to the commutators 
on dynamo-electric machines, especially in 
machines of great electromotive force, adapted 

10 to are lights; and it consists in a device by 
means of whieh the sparking on the commu- 
tator is prevented 

It is known that in machines of great elee- 
tromotive force—snch, for instance, as those 

rs used for arc lights—whenever one commutator 
bar or plate comes out of contact with the col- 
leeting-brush a spark appears on the commu. 
tator. This spark may be due to the break of 
the complete circuit, or of a shunt of low re- 
20 Sistanee formed by the brush between two or 
more commutator-bars. In the first case the 
spark is more apparent, as there is at the mo- 
ment when the cirenit is broken a discharge 
of the magnets through the field-helices, pro- 
25 ducing a great spark or flash which causes an 
unsteady current, rapid wear of the commu- 
tator bars and brushes, and waste of power. 
The sparking may be reduced by various de- 
vices, such as providing a path for the cur- 
30 rent at the moment when the commutator 
segment or bar leaves the brush, by short-cir- 
euiting the field- helices, by increasing the 
number of the commutator-bars, or by other 
similar means; but all these devices are ex- 
35 pensive or not fully available, and seldom at- 
tain the object desired. 

My invention enables me to prevent the 
sparking in a simple manner. For this pur- 
pose I employ with the commutator - bars 

4o and intervening insulating material mica, as- 
bestus paper or other insulating and prefer- 
ably ineombustible material, whieh Iarrange 
to bear on the surface of the commutator, 
near to and behind the brush. 

My invention will be easily understood by 
reference to the accompanying drawings. 

In the drawings, Figure 1 is a section of a 
commutator with an asbestus insulating de- 
vice; and Fig. 2 is a similar view, represent- 
50 ing two plates of mica upon the back of the 

brush. 

In Fig. 1, C represents the commutator and 
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intervening insulating material; B D, the 
brushes. d d are sheets of asbestus paper or 
other suitable non-conducting material. f f ss 
are springs, the pressure of which may be ad- 
justed by means of the screws g g. 

In Fig. 2 à simple arrangement is shown 
with two plates of mica or other material. 16 
will be seen that whenever one commutator- 60 
segment passes out of contact with the brush 
the formation of the are will be prevented by 
the intervening insulating material coming in 
contact with the insulating material on the 
brush. 

My invention may be carried out in many 
ways; and I do not limit myself to any particu- 
lar device, as my invention consists, broadly, 
in providing a solid non-conducting body to 
bear upon the surface of the commutator, by 70 
the intervention of which body the sparking 
is partiy or completely prevented. 

I prefer to use asbestus paper or cloth im- 
pregnated with zinc-oxide, magnesia, zirconia, 
or other suitable material, as the paper and 75 
cloth are soft, and serve at the same time to 
wipe and polish the commutator; but mica or 
any other suitable material may be employed, 
said material being an insulator or a bad con- 
ductor of electricity. 

My invention may be applied to any elec- 
tric apparatus in whieh sliding contacts are 
employed. 

I claim as my invention— 

1. The combination, with the commutator- 85 
bars and intervening insulating material and 
brushes inadynamo electric machine, of asolid 
insulator or bad conductor of electricity ar- 
ranged to bear upon the surface of the com- 
mutator adjacent to the end of the brush, for ос 
the purpose set forth. 

2. In an electric apparatus in which sliding 
contacts with intervening insulating material 
are employed, the combination, with the con- 
tact springs or brushes, of a solid insulator or 95 
bad conductor of electricity, as and for the 
purposes set forth. 

Signed by me this 2d day of May, A. D. 
1885. 
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NIKOLA TESLA. 
‘Witnesses: . 
GEO. T. PINCKNEY, 
WILLIAM G. Morr, 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
have invented certain new and useful Im- 

5 provements in Electric-Are Lamps, of which 
the following is a specification. — 

My invention relates more particularly to 
those arc lamps in which the separation and 
feed of the carbon electrodes or their equiva- 

10 lents is accomplished by means of electro- 
magnets or solenoids in connection with suit- 
able clutch-mechanism; and it is designed to 
remedy certain faulis common to the greater 
part of the lamps heretofore made. 

The objects of my invention are to prevent 
the frequent vibrations of the movable elec- 
trode and flickering of the light arising there- 
from, to prevent the falling into contact of the 
electrodes, to dispense with the dash-pot, 
20 clock-work, or gearing and similar devices 
heretofore used, and to render the lamp ex- 
tremely sensitive, and to feed the carbon al- 
most imperceptibly,and thereby obtain a very 
steady and uniform light. 

In that class of lamps where the regulation 
of the arc is effected by forces acting in oppo- 
sition on a free movable rod or lever directly 
connected with the electrode, all or some of 
the forces being dependent on the strength 
30 of the current,any change in the electrical con- 

dition of the circuit causes a vibration and a 
corresponding flicker in the light. This dif- 
ficulty is most apparent when there are only 
a few lamps in circuit. To lessen this difü- 
35 culty, lamps have been constructed in which 
the lever or armature, after the establishing 
of the arc, is kept in a fixed position and can- 
not vibrate during the feed operation, the feed 
mechanism actingindependently; butin these 
4c lamps, whena clamp is employed, it frequently 
occurs that the carbons come into contact and 
the light is momentarily extinguished, and, 
frequently, parts of the circuit are injured. In 
both these classes of lamps it has been eustom- 
45 ary to use dash-pot, elock-work, or equiva- 
lent retarding devices; but these are gener- 
ally unreliable and objectionable, and inerease 

_the cost of construction. 

My invention is intended to effect the de- 
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sired objects and to remedy the before-men- со 
tioned defects. I combine two electro-mag- 
nets—one of low resistance in the main or 
lamp circuit, and the other of comparatively 
high resistance in a shunt around the are—a 
movable armature-lever, and a novel feed 
mechanism, the parts being arranged so that 
in the normal working position of the arma- 
ture-lever the same is kept almost rigidly in 
one position, and is not effected even by con- 
siderable changes in the electric circuit; but 
if the carbons fall into contact the armature 
will be actuated by the magnets so as to move 
the lever and start the aro, and hold the car- 
bons until the arc lengthens and the arma- 
ture-lever returns to the normal position. 
After this the carbon-rod holder is released by 
the action of the feed mechanism,so as to feed 
the carbon and restore the are to its normal 
length. 

My invention consists, mainly, in the par- 
ticular manner in which the armature is com- 
bined with the magnets and acted upon by 
them and in the feed-controlling mechanism. 

In the drawings, Figure 1 is an elevation of 
the mechanism made use of in the electric 7 
lamp. Fig. 2isa plan view of the same be- 
low the line x æ. Fig. 3 isan elevation of the 
balancing leyer and spring, and Fig. 4isa de- 
tached plan view of the pole-pieces and arma- 
tures upon the friction-clamp, and Fig. 5 isa 
section of the clamping-tube. 

M. is a helix of coarse wire in a circuit from 
the lower-carbon bolder to the negative bind- 
ing-serew --. 

N is a helix of fine wire in a shunt between 
the positive binding screw -- and the negative 
binding-serew —. The upper-carbon holder 
S is a parallel rod sliding through the plates 
S' S? of the frame of the lamp, and hence the 
electric current passes from the positive bind. 
ing-post + through the plate S, carbon- 
holder S, and upper carbon to the lower car- 
bon, and thence by the holder and a metallic 
connection to the helix M. 

The carbon-holders are of any desired char- 
acter, and to insure electric connections the 
springs J are made use of to grasp the upper- 
carbon holding rod S, bub to allow the rod te 
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slide freely through the same. These springs | ће core M’. If, now, the are becomes too 
i may be adjusted in their pressure by the | long, the current through the helix M is less- 


screw m, and the spring? may be sustained 
upon any suitable support. I have shown 
them as connected with the upper end of the 
core of the magnet N. 

Around the carbon-holding rod S, between 
the plates S' S", there isatube, R, which forms 
a clamp. This tube is counterbored, as seen 
in the section Fig. 5, so that it bears upon the 
rodS abitsupper end and near the middle, and 
at the lower end of this tubular clamp R there 
arearmature-segmentsrof softiron. A frame 
or arm, 2, extending, preferably, from the core 
15 N^, supports the lever A by a fulerum-pin, o. 

This lever A has a hole, through which the 
_ upper end ofthe tubular clamp R passes freely, 
and from the lever A is a link, q, to the lever 
t, which lever is pivoted at y to a ring upon 
one of the columns S. This lever £ has an 
opening or bow surrounding the tubular clamp 
R, and there are pins or pivotal connections 
w between the lever ¢ and this clamp R, and 
a spring, 77, serves to support or suspend the 
weight of the parts and balance the same, or 
nearly so. This spring is preferably adjust- 
able. 
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Atoneend of the lever A isa soft-iron arma- 


ture block, a, over the core M’ of the helix 
M, and there is preferably a limiting-screw, с, 
passing through this armature-block a, and at 
the other end of the lever A is a soft-iron arma- 
ture-block, 5, with the end tapering or wedge- 
shaped, and the same comes close to and in 
line with the lateral projection e on the core 
N”. The lower ends of the cores M’ N? are 
made with lateral projecting pole-pieces M? 
N?, respectively, and these pole-pieces are con- 
cave at their outer ends, and are at opposite 
sides of the armature-segments r at the lower 
end of the tubular clamp R. 

The operation of these devices is as follows: 
In the condition of inaction the upper carbon 
rests.upon the lower one, and when the cur- 
rent is turned on the electricity passes freely, 
by the frame and spring /, through the rod S 
and carbons to the coarse wire and helix M, 
and to the negative binding-post V, and the 
core M’ thereby is energized. The pole-piece 
M? attracts the armature r, and by the lateral 
pressure causes the clamp R to grasp the rod 
8’, and the lever A is simultaneously moved 
from the position shown by dotted lines, Fig. 
1, to the normai position shown in full lines, 
and in so doing the link gand lever ¢ are raised, 
lifting the clamp R and rođ S, separating the 
carbons and forming thearc. The magnetism 
of the pole-piece e tends to hold the lever A 
level,or nearly so, the core N’ being energized 
60 by the current in the shunt which contains 
‘the helix N. In this position the lever A is 

not moved by ordinary variation in the elec- 
tric current because the armature b is strongly 
attracted by the magnetism of e,and these parts 
are elose to each other, and the magnetism of 
e acts at right angles to the magnetism of 
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sened, and the magnetism of the core N? is in- 
creased by the greater current passing through 70 
the shunt, and this core N° attracting the seg- 
mental armature r lessens the hold of the 
clamp R upon the rod§, allowing the latter to 
slide and lessen the length of the are, which 
instantly restores the magnetic equilibrium 
and causes the clamp R to hold the rod S. . If 
it happens that the carbons fall into contact, 
then the magnetism of N? is lessened so much 
that the attraction of the magnet M will be 
sufficient to move the armature a and lever A 
so that the armature b passes above the nor- 
mal position, so as to separate the carbons in- 
Stantly; but when the carbons burn away a 
greater amount of current will pass through 
the shunt until the attraction of the core N? 
will overcome the attraction of thecore M’ and 
bring the armature-lever A again into the nor- 
mal horizontal position,and this occurs before 
the feed can take place. The segmental arma- 
ture pieces r are shown as nearly semicircular. 
They may be square or of any other desired 
shape, the ends of the pole-pieces M* N? being 
made to correspond in shape. 

I elaim as my invention— 

1. Thecombination, in an eleetric-arc lamp, 
of the electro-magnets in the main and shunt 
circuits, respectively, an armature-lever and 
connection to the movable carbon-holder, the 
core of the shunt-magnet passing across the 
end of the armature-lever, substantially as set 
forth, so that the two magnets act in conjunc- 
tion on the armature-lever in moving the car- 
bon to form the are and in opposition to each 
other beyond the normal position of the arma- 
ture-lever, substantially as specified. 

2. The combination, with the carbon-hold- 
ers, of two. magnets, one in the main circuit 
and the other in a shunt-cireuit, and an arma- 
ture-lever to draw the are, and a feeding 
mechanism and pole-pieces upon the electro- 
magnets to act upon the feeding mechanism, 
substantially as specified. 

3. The combination, with the earbon-hold- 
ers, of two magnets, one in the main circuit 
and the other in a shunt-circuit, and an arma- 
ture-lever between two poles of such electro- 
magnets to draw the are, and a feeding mech- 
anism and pole-pieces upon the other two 
poles of the electro-magnets to act upon the - 
feeding mechanism, substantially as specified. 

4. The combination, with the carbon-hold- 
ing rod in an electric-are lamp, of the clamp 
В, lever t£, spring +*, armature-lever A, and 
electro-magnets M N in the main and shunt 
circuits, respectively, the pole- pieces M? N?, 
and armature-segments r, substantially as set 
forth. 

5. he combination, with the carbon-holder, 
of a tubular clamp surrounding the same, an 
armature -lever connected to said tubular 
clamp, and eleetro- magnets in the main and 
shunt circuits, respectively, and armature-seg- 
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ments upon the tubular clamp adjacent to the | into action or releasing it, substantially asset. ro 
lateral poles of the electro-magnets, substan- | forth. 
tially as set forth. - Signed by me this 25th day of March, A. 

6. In an electric-arc lamp,the combination, | D. 1885, 


with the carbon-holding rod, of a clamp, two TT 

armatures upon the clamp, and electro-mag- NIKOLA TESLA. 
nets in the main and shunt circuits, re- Witnesses: 

spectively, the poles of which act upon the Gro. T. PINCKNEY, 

armatures of the clamp for bringing the same | ` CHAS. H. SMITH. 


(No Model.) 2 Sheets—Sheet 1. 
N. TESLA. 


ELECTRIC ARCO LAMP. 
No. 335,787. Patented Feb. 9, 1886. 









qea ano 7 Imeni 
¿246.2 ` ⁄ паведа Sela 


се 


N. PETERS, Photo-Lithographer, Washington, D. C. 


2 Sheets—Sheet 2, 


(No Model.) 


N. TESLA. 
ELECTRIC ARO LAMP. 


Patented Feb. 9, 1886, 


No. 835,787. 











| 


Fes Ыгы чеч —— 














Et EN 


























mm 
Ф 


4 





A Tcr inhi 


BUM 





Iweni 


Роба с јез бат 








N. PETERS, Photo-Lithographer, Washington, D. C. 


UNITED States PATENT OFFICE. 


NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE 
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY, 


NEW JERSEY. 


ELECTRIC-ARC LAMP. 


SPECIFICATION forming part of Letters Patent No, 335,787, dated February 9, 1886. 


Application filed July 13, 1885, 


Lo all whom it may concern: 

Be it known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
have invented certain Improvements in Elec- 

5 tric-Are Lamps, of which the following is a 
specification. 

In another application, No. 160,574, filed 
by me March 30, 1885, I have shown and de- 
scribed a lamp having two magnets, in the 

ro main and shunt circuits, respectively, an ar- 
mature-lever, and feed-mechanism connected 
to the armature-lever. 

My present invention consists in some modi- 
fications of and improvements upon the de- 

15 vices shown in the application referred to. 

In my present invention I further provide 
means for automatically withdrawing a lamp 
from the circuit, or eutting out the same, 
when, from a failure of the feed, thearereaches 

20 an abnormal length, and also means for auto- 
matically reinserting such lamp in the circuit 
when the rod drops and the carbons come into 
contact. 

My invention will be understood with refer- 

25 ence to the accompanying drawings. 

In the drawings, Figure 1 is an elevation of 
the lamp with the case in section. Fig. 2 isa 
sectional plan at the line # v. Fig. 3 isan 
elevation, partly in section, of the lamp at 

3o right angles to Fig. 1.. Fig. 4 is a sectional 
plan at the line y y of Fig. 1. Fig. 5 is asec- 
tion of the clamp in about full size. Tig. 6 is 
a detached section illustrating the connection 
of the spring to the lever that carries the piv- 

35 ots of the clamp, and Fig. 7 is a diagram 
showing the circuit-connections of the lamp. 

In the drawings, Fig. 1, M represents the 
main and N the shunt magnet, both securely 
fastened to the base A, which, with its side 

40 columns,§ S, is preferably cast in one piece of 
brass or other diamagnetic material. To the 
magnets aresoldered or otherwise fastened the 
brass washers or disks aaga. Similar wash- 
ers, b b, of fiber or other insulating material, 

45 serve to insulate the wires from the brass 
washers. 

The magnets M and N are made very flat, 
so that their width exceeds three times their 
thickness, or even more. In this way a com- 
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sufficient to produce the required magnetism, 
besides a greater surface isoffered for ccoling 
off the wires. 

The upper pole-pieces, mn, of the magnets 
are curved, as indicated in the drawings, Fig. 55 
1. The lower pole-pieces, m’ »’, are brought near 
together, tapering toward the armature g, as 
shown in Figs. 2and 4. The object of this 
taper is to concentrate the greatest amount of 
the developed magnetism upon the armature, 60 
and also to allow the pull to be exerted always 
upon the middle of the armature g. This 
armature g is a piece of iron in the shape of a 
hollow cylinder, having on each side a seg- 
ment cut away, the width of which is equal to 65 
the width of the pole-pieces m’ n’. 

The armature is soldered or otherwise fast- 
ened to the clamp 7, whieh is formed of a 
brass tube, provided with gripping-jaws e e, 
Fig. 5. These jaws are ares of a circle of the 7o 
diameter of the rod R, and are made of some 
hard metal, preferably of hardened German 
Silver. Ialso make the guides f f, through 
whieh the earbon-holding rod R slides, of the 
same material. This hastheadvantage to re- 75 
duce greatly the wear and corrosion of the 
parts coming in frictional contact with the rod, 
which frequently causes trouble. Thejawsee 
are fastened to the inside of the tube r, so 
that one is a little lower than the other. The 
object of this is to provide a greater opening 
for the passage of the rod when the same is 
released by the clamp. The clamp r is sup- 
ported on bearings w w, Figs. 1, 3and 5, which. 
are just in the middle between the jawsee. I 
find this disposition to be the best. The bear- 
ings ww are carried by a lever, t, one end of 
which rests upon an adjustable support, ç, of 
the side columns, S, the other end being con- 
nected by means of the link e to the armature- 
lever L. The armature-lever L is a flat piece 
of iron in Z shape, having its ends curved so 
as to correspond to the form of the upper pole- 
pieces of the magnets M and N. It is hung 
upon the pivots v v, Fig. 2, which are in the 
jaw v of the top plate, B. This plate B, with. 
the jaw, is preferably cast in one piece and 
screwed to the side columns, S §, that extend 
up from the base A. To partly balance the 
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Figs. 2 and 6, is fastened to the top plate, B 
and hooked to the lever t -The hook o is to- 
ward one side of the lever or bent a little 
sidewise, as seen in Fig. 6. By this means a 
slight tendency is given to swing the armature 
toward the pole-piece m’ of the main magnet. 
The binding -posts K K’ are preferably 


screwed to the base A. A manual switch, for 


short-circuiting the lamp when the carbons 
are renewed, is also to be fastened to the base. 
This switch is of ordinary character, and is not 
shown in the drawings. 

The rod R is electrically connected to-the 
lamp-frame by means of a flexible conductor 
or otherwise. The lamp-case receives a re- 
movable ornamental cover, s’, around the same 
to inclose the parts. 

‘The electrical connections are as indicated 
diagrammatically in Fig. 7. 

The wire in the main magnet consists of two 
parts, # ара р’. These 4wo parts may be in 


two separated coils or in one single helix, as 


shown in the drawings. The part 27 being 
normally in circuit, is, with the fine wire upon 
theshunt-magnet, wound and traversed by the 
current in the same direction, so as to tend to 
produce similar poles, n n or s $, опр the cor- 
responding pole-pieces of the magnets M. and 
N. The part p’ is only in cireuit when the 
lamp is cut out, and then the current being in 
the opposite direction produces in the main 
magnet magnetism of the opposite polarity. 
Тһе operation is as follows: At the start the 
carbons are to be in contact, and the current 
passes from the positive binding-post K to the 
lamp-frame, carbon-holder, upper and lower 
earbon, insulated return-wire in one of the 
side rods, and from there through the part Z 
of the wire on the main magnet to the nega- 
tive binding-post. Upon the passage of the 
current the main magnet is energized and at- 
tracts the clamping-armature g, swinging the 
clamp and gripping the rod by means of the 
gripping-jaws ee. At the same time the ar- 
mature-lever L is pulled down and the car- 
bons separated. In pulling down the arma- 
ture-lever L the main magnet is assisted by 
the shunt-magnet N, the latter being mag- 
netized by magnetic induction from the mag- 


net M. 


Tt will be seen that the armatures L and 9 
are practically the keepers for the magnets M 
and N, and owing to this fact both magnets 
with either one of the armatures Land g may 
be considered as one horseshoe- magnet, which 
we might term a **compound magnet." The 
whole of the soft-iron parts m, m, g, w, n, and 
L form a compound magnet. 

The carbons being separated, the fine wire 
receives a portion of the current. Now, the 


. magneticinduction from the magnet M. is such 


65 





as to produce opposite poles on the corre- 
sponding ends of the magnet N; but the cur- 
rent traversing the helices tends to produce 
similar poles on the corresponding ends of 
both magnets, and therefore as soon as the fine 
wire is traversed by sufficient current the 
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magnetism of the whole compound magnet is 
diminished, 

With regard to the ar mature g and the op- 
eration of the lamp, the pole m’ may be termed 
as the ‘‘clamping”’ and the pole 7’ as the ‘‘re- 
leasing?" pole. 

As the carbons burn away, the fine wire re- 
ceives more current and the magnetism di- 
minishes in proportion. This causes the arma- 
ture-lever L to swing and the armature g to 
descend gradually under the weight of the 





-| moving parts until the end p, Fig. 1, strikes 


-a-stop on the top plate, В.” Тһе adjustment is 
such that when this takes place the rod R is 
yet gripped securely by the jaws ee. The 
further downward movement of the armature- 
lever being prevented, the are becomes longer 
as the carbons are consumed, and the com- 
pound magnet is weakened more and more 
until the clamping-armature g releases the 
hold of the gripping-jaws ee upon the rod R, 
and the rod is allowed to drop a little, short- 
ening thus the arc. The fine wire now re- 
ceiving less carrent, the magnetism increases, 
and the rod is clamped again and slightly 
raised, if necessary. This clamping and re- 
leasing of the rod continues until the carbons 
are consumed. In practice the feed is so sen- 
sitive that for the greatest part of the time the 
movement of the rod cannot be detected with- 
out some actual measurement. During the 
normal operation of the lamp the armature- 
lever L remains Stationary, or nearly 80, in 
the position shown in Fig. 1 

Should. it arise that, owing to an imperfec- 
tion in the rod, the same and the earbons drop 
too far, so as to make the are too short, or even 
bring the carbons in contact, then a very small 
amount of current passes thr ough the fine wire, 


со 


о. 


~ 


05 


and the compound magnet becomes sufficient- : 


ly strong to act as on the start in pulling the 
armature-lever L down and separating the 
carbons to a greater distance. 

It oceurs often in practice that the rod sticks 
in the guides. In this case the are reaches a 
great length, until it finally breaks. Then the 
light goes out, and frequently the fine wire is 
injured. To prevent such an accident, I pro- 
vide my lamp with an automatic cut-out. 
This eut-out operates as follows: When, upon 
a failure of the feed, the are reaches a certain 
predetermined length, such an amount of cur- 
rent is diverted through the fine wire that the 
polarity of the compound magnet is reversed. 
The clamping-armature gis now moved against 
the shunt-magnet N until it strikes the releas- 
ing-pole n’. As soon as the contact is estab- 
lished, the current passes from the positive 
binding-post over the clamp r, armature g, 
insulated shünt-magnet, and the helix p upon 
the main magnet M to the negative binding- 
post. In this case the current passes in the 





opposite direction and changes the polarity of 
the magnet M, at the same time. maintaining 
by magnetic induction in the core of shunt- 
magnet the required magnetism without re- 
versal of polarity, and the armature g remains 
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against the shunt-magnet pole ». The lamp 
is thus cut out as long as the carbons are sepa- 
rated. The cut-out may be used in this form 
without any further improvement; but I pre- 
fer to arrange it so that if the rod drops and 
the carbons come in contact the arc is started 
again. For this purpose I proportion the re- 
sistance of the part p' and the number of the 
convolutions of the wire upon the main mag- 
net so that when the carbons come in contact a 
sufficient amount of current is diverted through 
the carbons and the part x’ to destroy or neu- 
tralize the magnetism of the compound mag- 
net. Then the armature g, having a slight 
tendency to approach to the clamping-pole m’, 
comes out of contact with the releasing-pole»’. 
As soon as this happens, the current through 
the part p’ is interrupted, and the whole cur- 
rent passes through the part x The magnet 
M is now strongly magnetized, the armature 
g is attracted, and the rod clamped. At the 
same time the armature-lever Lis pulled down 
out of its normal position and the are started. 
In this way the lamp cuts itself out automatic- 
ally when the arc gets so long, and reinserts 
itself automatically in the circuit if the car- 
bons drop together. 

It will be seen that the cut-out may be modi- 
fied without departing from ће spirit of my 
invention, as long as the shunt-magnet closes 
a circuit including a wire upon the main mag- 
net and continues to keep the contact closed, 
being magnetized by magnetic induction from 
the main magnet. It is also obvious to say 
that the magnets and armatures may be of any 
desired shape. 

I claim as my invention— 

1. The combination, in an are-lamp, of a 
main and a shunt magnet, an armature-lever 
to draw the are, a clamp, and an armature to 
act upon the clamp, a clamping-pole and a 
releasing-pole upon the respective cores, the 
cores, poles, armature-lever, and clamping- 
armature forming a compound electro-magnet, 
substantially as set forth. 

2. The combination, in an electric-are lamp, 
of a earbon-holder and its rod, a clamp for 
such carbon-holder, a clamping-armature con- 
nected to the clamp, a compound electro-mag- 
net controlling the action of the clamping-ar- 
mature, and electric-circuit connections, sub- 
stantially as set forth, for lessening the mag 
netism of the compound magnet when the are 
between the carbons lengthens and augment- 
ing the magnetism of the same when the are 
is shortened, substantially as described. 

3. The combination, with the earbon-hold- 
ers in an electric lamp, of a clamp around 
the rod of the upper-carbon holder, the elamp- 
ing-armature connected with said clamp, the 
armature-lever and connection from the same 





3t 


to the clamp, the main and shunt magnets, 
and the respective poles of thesame toaet upon 
the clamping -armature and armature - lever, 
respectively, substantially as set forth. 

4. In an electric-arc lamp, a cut-out con- 
sisting of a main magnet, an armature, aud a 
Shunt-magnet having an insulated pole-piece, 
and the cut-out cirecuit-connections through 
the pole-piece and armature, substantially as 
set forth. 

5. In an electric-arc lamp, the combination, 
with the carbon-holder and magnets, of the 
armatures Land g, link e’, clamp r, and lever 
t, and the spring s, for the purpose set forth. 

6. In an electric-arc lamp, the combination, 
with two upright magnets in the main and 
shunt circuits, respectively, having curved 
pole-pieces on one end and converging pole- 
pieces on the other end, of a flat Z-shaped 
armature - lever between the curved pole- 
pieces and a elamping-armature between the 
convergent pole-pieces, substantially ag de- 
scribed. 

7. The combination, in an electric-are lamp, 
of an electro-magnet in the main circuit and 
ап electro-magnet in the shunt - circuit, an 
armature under the influence of the poles of 
the respective magnets, and circuit-connec- 
tions controlled by such armature to cut out 
or shunt the lamp, substantially as specified, 
whereby the branch circuit is closed by the 
magnetism of theshunt-magnet, and then kept 
elosed by induced magnetism from the main 
magnet, substantially as seb forth. 

8. Thecombination, with the carbon-holder 
and rod and the main and shunt magnets, of 
a feeding-clamp, an armature for the same, 
elamping and releasing poles upon the cores 
of the respective magnets, and circuit-connec- 
tions through the elamping-armature, substan- 
tially as specified, for shunting the current 
when the electric arc between the carbons be- 
comes abnormally long, substantially as set 
forth. 

9. The combination, with the carbon-hold- 
ing rod and a clamp for the same, of an ar- 
mature üpon the clamp, a shunt-magnet the 
pole of which acts to release the clamp, and a 
main magnet with a two-part helix, one por- 
tion being in the main circuit and the other 
portion in ashunt or cut-out circuit, the clamp- 
ing armature acting to close said cut-out cir- 
cuit when the are becomes too long and to 
break the shunt-cireuit when the carbons come 
together, substantially as set forth. 

Signed by me this 11th day of July, A. D. 


| 1885. 


NIKOLA TESLA. 
Witnesses: 
Gro. T, PINCKNEY, 
WILLIAM G. Morr. 


65 


79 


75 


80 


85 


go 


95 


IOO 


IIO 


115 


(No Model.) 2 Sheets—Sheet I. 


N. TESLA. 


REGULATOR FOR DYNAMO ELECTRIC MACHINES. 
No. 336,961, . Patented Mar, 2, 1886. 
2. 
Tug. 


x 


РТ 


СУ У IS Oo NT РА УМ 7 













ШШШ 


TSS | 
Дегенде 
m Nikola саба) 
SERE, foo Lame he Luli 
CE, 


“(No Model.) 2 Sheets—Sheet 2. 


N. TESLA. 


REGULATOR FOR DYNAMO ELECTRIC MACHINES. 
No. 336,961. Patented Mar. 2, 1886. 





UNITED STATES 


PATENT Orricg, 


NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE 
TESLA ELECTRIC LIGHT AND. MANUFACTURING COMPANY, OF RAHWAY, 


NEW JERSEY. 


REGULATOR FOR DYNAMO-ELECTRIG MACHINES. 





SPECIFICATION forming part of Letters Patent No. 336,961, dated March 2, 1886, 


Application filed May 18, 1885, 


To all whom it may concern: 

Beit known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
have invented an Improvement in Dynamo- 

5 Electric Machines, of which the following isa 
Specification. 

The object of my invention is to provide an 
improved method for regulating the current 
on dynamo-electrie machines. 

In my improvement I make use of two main 
brushes, to which the ends of the helices of 
the field-magnets are connected, and an auxil- 
iary brush and a branch or shunt connection 
from an intermediate point of the field-wire 
15 to the auxiliary brush. 

"The relative positions of the respective 
brushes are varied, either automatically or by 
hand, so that the shunt becomes inoperative 
when the auxiliary brush has a certain posi- 

20 tion upon the commutator; but when said aux- 
iliary brush is moved in its relation to the 
main brushes, or the latter are moved in their 
relation to the auxiliary brush, the electric 


tO 


condition is disturbed and more or less of the ! 


25 current through the field-helices is diverted 
through the shunt or a current passed over 
said shunt to the field-helices. 

By varying the relative position upon the 
commutator of the respective brushes auto- 

30 matically in proportion to the varying elec- 
trical conditions of the working-cirenit the 
current developed can be regulated in pro- 
portion to the demands in the working-cireuit. 

Devices for automatically moving the 

35 brushes in dynamo-electrie machines are well 
known, and those made use of in my machine 
may be of any desired or known character. 

In the drawings, Figure 1 is a diagram illus- 
trating my invention, showing one core of the 

40 field-magnéts with one helix wound in the 
same direction throughout. Figs.2and 3 are 
diagrams showing one core of the field- magnets 
with a portion of the helices wound in oppo- 
site directions. Figs. 4 and 5 are diagrams 

45 illustrating the electric devices that may be 
employed for automatically adjusting the 
brushes, and Fig. 6 isa diagram illustrating 
the positions of the brushes when the machine 
is being energized on the start. 


50  aandbarethe positive and negative brushes 
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| of the main or working circuit, and ¢ the aux- 
iliary brush. The working-circuit D extends 
from the brushes a and b, as usual, and con- 
tains electric lamps or other devices, D’ either 
in series or in multiple arc. 55 

M M’ represent the field-helices, the ends of 
which are connected to the main brushes a 
and b. The branch or shunt wire ¢ extends 
from the auxiliary brush c to the circuit of the 
field-helices, and is connected to the same at 6o 
an intermediate point, X. 

H represents the commutator, with the 
plates of ordinary construction. Tt is now to 
be understood that when the auxiliary brush 
c occupies such a position upon the commu- 65 
tator that the electro-motive foree between the 
brushes a and c is to the electro-motive force 
between the brushes c and b as the resistance 
of the circuit a Mc’ ec A to the resistance of 
the circuit b M’ e c B, the potentials of the zo 
points X and Y will be equal, and no eurrent 
will flow over the auxiliary brush; but when the 
brush c occupies a different position the po- 
tentials of the points X and Y will be differ- 
ent, and a eurrent will flow over theauxiliary 75 
brush to or from the commutator, according 
to the relative position of the brushes. If, 
for instance, the commutator-space between 
the brushes a and e, when the latter is at the 
neutral point, is diminished, a current will 80 
flow from the point Y over the shunt C to the 
brush 5, thus strengthening the current in the 
part M’,and partly neutralizing the current 
in the part M; but if the space between the 
brushes a and ¢ is increased, the current will 85 
flow over the auxiliary brush in an opposite 
direction, and the current in M will be 
stregthened, and in M' partly neutralized. 

By combining with the brushes a, b, and c 
any known automatie regulating mechanism go 
the current developed can be regulated in 
proportion to the demands in the working- 
circuit. The parts M and MW’ of the field-wire 
may be wound in thesame direction. (In this 
case they are arranged as shown in Fig.1; or, 95 
the part M may be wound in the opposite di- 
rection, as shown in Figs. 2 and 3.) 

It will be apparent that the respective cores 
of the field- magnets are subjected to the neu- 
tralizing or intensifying effects of the current 100 
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in the shunt through d, and the magnetism of 
the eores will be partially neutralized ór the 
point of greatest magnetism shifted, so that it 
will be more or less remote from or approach- 
ing to the armature, and hence the aggre- 
gate energizing actions of the field magnets 


on the armature will be correspondingly |. 


varied. 

In the form indicated in Fig. 1 the regula- 
tion is effected by shifting the point of great- 
est magnetism, and in Figs. 2 and 3 the same 
effect is produced by the action of the cur- 
rent in the shunt passing through the neu- 
tralizing-helix. . | 

The relative positions of the respective 
brushes may be varied by moving the auxil- 
iary brush or the brush e may remain qui- 
escent and the corep be connected to the main- 
brush holder A’, so as to adjust the brushes 
аъ іп their relation to the brush c. If, how- 
ever, an adjustment is applied to all the 
brushes, as seen in Fig. 5, the solenoid should 
be connected to both A and C, so. as to move 
them toward or away from each other. 

There are several known devices for giving 
motion in proportion to an electric current. 


: I have shown the moving cores in Figs. 4 апа 


o 


сл 


5 аз бопуеп1еп& devices for obtaining е ге: 
quired extent of motion with very slight 
changes in the current passing through the 
helices. It is understood that the adjustment 
of the main brushes causes variations in the 
strength of the current independently. of the 
relative position of said brushes to the anx- 
iliary brush. In all cases the adjustment may 
be such that no current flows over the aux- 
iliary brush when the dynamo is running with 
its normal load. 


` . In Figs. 4 ang 5, A A indicate the main- 


Cn 


brush holder, carrying the main brushes, and 
C the auxiliary-brush holder, carrying the aux- 
iliary brush, These brush-holders are mova- 
ble in ares concentric with the center of the 
commutator-shaft. An iron piston, P, of the 


solenoid S, Fig. 4, is attached to the auxiliary- 
brush holder C. The adjustment is effected 
by means of a spring and screw or tightener. 

In Fig. 5, instead of a solenoid, an iron tube 
inclosing a coil is shown. . The piston of the 
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coil is attached to both brush-holders A. A and 
G. When the brushes are moved directly by 
electrical devices, as shown in Figs. 4 and 5, 
these are so constructed that the force exerted 
for adjusting is practically uniform through 
the whole length of motion. | 
Tam aware thatauxiliary brushes have been 
used in connection with the helices of the 
field-wire; but in these instances the helices 
received the entire current throngh the aux- 
iliary brush or brushes, and said brushes could 
not be taken off without breaking the circuit 
through the field. These brushes caused, 
however, a great sparking upon the commu- 
tator. In my improvement the auxiliary 
brush causes very little or no sparking, and 


can be taken off without breaking the circuit 
| through the field-helices. | 


My improvement has, besides, theadvantage 
to facilitate the self-exciting of the machine 
in all cases where the resistance of the field- 
wire is very great comparatively to the resist: 


50 


55 


ance of the main eireuit at the start—for in- ' 


stance, on are-light machines. In this case I 
place the auxiliary brush e near to or in pref- 
erence in contact with the brush b, as shown in 
Fig. 6. In this manner the part M’ is ¢om- 
pletely cut out, and as the part M has a con- 
siderably smaller resistance than the whole 


length of the field-wire the machine excites 


itself, whereupon the auxiliary brush isshifted 
automatically to its normal position. 
I claim as my invention— 


The combination, with the commutator hav- 


iug two or more main brushes and an auxil- 
iary brush, of the field - helices having their 
ends connected to the main brushes, and a 
braneh or shunt connection from an. interme- 
diate point of the field-helices to the auxiliary 
brush, and means for varying the relative po- 
sition upon the commutator of the respective 
brushes, substantially as set forth. 2 

Signed by me this 13th day of May, A. D. 
1889. 


NIKOLA. TESLA. 
Witnesses: _ 
Gro. T. PINCKNEY, 
WALLACE L. SERRELL. 
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fo all whom it may concern: 

Beit known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 

have invented an Improvement in Dynamo- 
5 Electric Machines, of which the following isa 
specification. 

My invention is designed to provide an im- 
proved method for regulating the current in 
dynamo-eleetrie machines. 

In another application, No. 165,793, filed by 
me May 18, 1885, Т have shown a method for 
regulating the current in a dynamo having 
the field-helices in a shunt. My present ap- 
plication relates to a dynamo having its field- 
15 helices connected in the main circuit. 

In my improvement I employ one or more 
auxiliary brushes, by means of which I shunt 

a portion or the whole of the field-helices. 
According to the relative position upon the 
20 commutator of the respective brushes more or 
less current is caused to pass through the 


Io 


helices of the field, and the current developed | 


by the machine ean be varied at will by vary- 
ing the relative positions of the brushes. 

In the drawings the present invention is 
illustrated by diagrams, which are hereinafter 
separately referred to. 

In Figure 1, a and b are the positive and 
negative brushes of the main circuit, and c 
30 an auxiliary brush. The main circuit D ex- 

tends from the brushes « and 5, as usual, and 
contains the helices M of the field-wire and 
the electric lamps or other working devices. 
The auxiliary brush ¢is connected to the point 

35 € of the main circuit by means of the wire c. 
H is acommutator of ordinary construction. 
From that which has been said in the ap- 
plication above referred to it will be seen that 
when the electro-motive force between the 

40 brushes a and е 1з to the electro-motive force 
between the brushes e and b as the resistance 

of the circuit a M ¢' c A to the resistance of 
the eireuit b C B e &' D, the potentials of the 
points 2 and y will be equal, and no current 

45 will pass over the auxiliary brush е; but if 
said brush oceupies a different position rela- 
tively to the main brushes the electric condi- 
tion is disturbed, and current will flow either 
from y to æ or from æ to y, according to the 

5o relative position of the brushes. In the first 


25 





| 


case the current through the field-helices will 

be partly neutralized and the magnetism of 
the field-magnets diminished. In the second 
case the current will be increased and the 
magnets will gain strength. By combining 55 
with the brushes 4 b c any automatic regulat- 
ing mechanism the current developed can be 
regulated automatically in proportion to the 
demands in the working-cireuit. 

In Figs. 6 and 7 I have represented some of 6c 
the automatie means that may be used for 
moving the brushes, The core P, Fig. 6, of 
the solenoid-helix S, is connected with the 
brush ¢ to move the same, and in Fig, 7 the 
core P is shown as within the helix S, and 65 
connected with both brushes « and e, so as to 
move the same toward or from each other, 
according to the strength of the current in the 
helix, the helix being within an iron tube, S’, 
that becomes magnetized and increases the 7c 
action of the solenoid. 

In practice it is sufficient to move only the 
auxiliary brush, as shown in Fie. 6, as the 
regulation is very sensitive to the slightest 
changes; but the relative position of the aux- 75 
iliary brush to the main brushes may be varied 
by moving the main brushes, or both main 
and auxiliary brushes may be moved, as illus- 
trated in Fig. 7. In the latter two eases, it 
will be understood, the motion of the main 80 
brushes relatively to the neutral line of the 
machine causes variations in the strength of 
the current independently of their relative 
position to the auxiliary brush. In all cases 
the adjustment may be such that when the 85 
machine is running with the ordinary load no 
current Hows over the auxiliary brush. 

The field-helices may be connected as shown 
in Fig. 1, or a part of the field-helices may be 


- in the outgoing and the other partin the return go 


cireuit, and two auxiliary brushes may be 
employed as shown in Figs. 3and 4. Instead 
of shunting the whole of the field-helices, a 
portion only of such helices may be shunted, 
as shown in Figs, 2and 4. 

The arrangement shown in Fig. 4 is advan- 
tageous, as it diminishes the sparking upon 
the commutator, the main circuit being closed 
through the auxiliary brushes at the moment 
of the break of the circuit at the main brushes, 103 


95 
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The field-hélices may be wound in the same 
direction, ora part may be wound in opposise 
directions, 

The connection between the helices and the 

5 auxiliary brush or brushes may be made by à 
wire of small resistance, or a resistance may 
be interposed (R, Fig. 5) between the point æ 
and the auxiliary brush or brushes to divide 
the sensitiveness when the brushes are ad- 

ro justed. 

Iam awarethabitis not new to useauxiliary 
brushes on the commutator, and that auxiliary 
brushes have been connected to the field heli- 

ces; but I am not aware that the helices of a 

15 series dynamo have been shunted by means of 
auxiliary brushes, and that the relative posi- 
tion of the respective brushes has been varied 
for the purpose of regulating the current de- 
veloped by the machine. 

In instances where auxiliary brushes have 

been used in connection with the field-helices 


20 


Said auxiliary brushes received the current 
continuously and caused great sparking, 
whereas in my invention the auxiliary brush 
receives current only when the normal elec- 25 
trical conditions of the circuit are disturbed. 

І claim as my invention— 

The combination, with the commutator and 
main brushes and one or more auxiliary 
brushes, of the field-helices in the main cir- 30 
cuits and one or more shunt-connections from 
the field-helices to the auxiliary brushes, the 
relative positions upon the commutator of the 
respective brushes being adjustable, for he 
purpose set forth. : 

Signed by me this 16th day of May, A. D. 
1885. 


NIKOLA TESLA. 


Witnesses: 
GEO. T. PINCKNEY, 
WALLACE L. SERRELL. 
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To all whoni it may concern: 

Be it known that I, NIKOLA TESLA, from 
Smiljan Lika, border country of Austria-Hun- 
gary, have invented certain Improvements in 
Dynamo-Hleetric Machines, of which the fol- 
lowing is aspecification. 

In other applications f have shown the com- 
mutator of a dynamo-nachine with the main 
brushes connected in an electric circuit, and 
one or moreauxiliary brashesserving to shunt 
a part or the whole of the field-coils, the reeu- 
lation of the current being effected by shifting 
the respective brushes automatically upon the 
commutator in proportion to the varying re- 
sistanees of the circuit. 

My present invention relates to the meehani- 
eal devices which I employ to effect the shift- 
ing of the brushes, 

My invention is clearlyshown in tlie accom- 
panying drawings, in which Figure 1 isan ele- 
vation of the regulator with the frame partly 
in section; and Fis. 2 is a section at the line 
шт, Fig. 1. 

C is the commutator: B and B, the brush- 


holders, B carrying the main brushes a a’ | 


апа В’ Ще auxiliary or shunt brushes b b. The 
axis of the brush-holder Bis supported by two 
pivot-serews, pp. The other brush-holder, B', 
has a sleeve, d, andis movable around the axis 
of the brusb-holder B. 
brush-holders ean turn very freely, the fric- 
tion of the parts being reduced to a minimum. 
Over the brush-holders is mounted the solen- 
oid S, which rests upon a forked column, c. 
This column also affords a support for the piv- 
ots p p, and is fastened upon a solid bracket 
or projection, P, which extends from the base 
of the machine, and is preferably cast in one 
piece with thesaime. ‘Phe brush-holders BB’ 
are connected hy means of thelinks ¢ cand the 
eross-piece I to the iron core J, which slides 
freely in the tube T of thesolenoid, Theiron 
core I has a screw, s, by means of which it 
can be raised and adjusted in its position rel- 
atively to the 
erted upon it by the solenoid is practically 
uniform through the whole length of mo- 


поп which is required to effect the regulation. 
In order to effect the adjustment with a greater 


In this way both | 


solenoid, so that the puil ex- | 


! 


i 


| 
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precision the core I is provided with a small 5 
iron screw, s. The core being first brought 
very nearly in therequired position relatively 
to the solenoid by means of the screw s, the 
small screw s’ is then adjusted until the mag- 
netiec attraction upon the core is the same when 
the core isin any position. A convenient stop, 
7, serves to Ihnitthe upward movement of the 
iron core. 

To cheek somewhat the movement of the 
core I,a dash-pot, K, is nsed. The piston L 
of the dash-pot is provided with a valve, V. 
which opens by a downward pressure and al- 
lows an easy downward movement of the iron 
core I, but closes and checks the movement of 
the core when the same is pulled up underthe 65 
action of the solenoid. 

To balance the opposing forces, the weight 


| of the moving parts, and the pull exerted by 


the solenoid upon the iron core, the weights 
W W may be used. ‘The adjustment is such 
that when the solenoid is traversed by the 
normal current itis just strong enough to bal- 
ance the downward pull of the parts. 

. The electrical cireuit-connections are sub- 
stantially the same, as indicated in my former 
applications, the solenoid being in series with 
the circuit when the translating devices are 
in series and in a shunt when the devices are 
in multiple are. 

The operation of the device is as follows: 
When upon a decrease of the resistance of the 
circuit or some other reason the current is in- 
creased, the solenoid S gains in strength and 
pulls upthe iron core T, thus shifting the main 
brushes in the direction of rotation and the 85 
auxiliary brushes in the opposite way. This 
diminishes the strength of the current until 
the opposing forces are balanced and the solen- 
oid is traversed by the normal current; but 
if from any cause the current in the circuit is 
diminished, then the weight of the moving 
parts overcomes the pull of the solenoid, the 
iron core I descends, thus shifting the brushes 
the opposite way and increasing the current 
to the normal strength. The dash-pot con- 95 
nected to the iron core I may be of ordinary 
construction; but I prefer, especially in ma- 
chines for are lights, to provide the piston of 
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the dash-pot witha valve, as indicated in the | 
drawings. This valve permits a compara- 
tively easy downward movement of the iron 
core, but checks its movement. when it is 
drawn up by the solenoid. Such an arrange- 
ment has the advantage that a great number 
of lights may be put on without diminishing | 
the light-power of the lamps in the circuit, as | 
the brushes assume at once the proper position. 
When lights are cut ont, the dash-pot acts to 
retard the movement; but if the current is 
considerably increased the solenoid gets. ab- 
normally strong and the brushes are shifted in- 
stantly. . , | 

The regulator being properly adjusted, lights | 
or other devices may be put on or out with 
scarcely any perceptible difference. 

Itis obvious that instead of the dash-pot any 
other retarding đevice may be used. | 

I claim as my invention— | 

1. Thecombination, with the main and aux- | 
iliary brushes, of two brush-holders, an axis 
fastened to one of the brush-holders, support- 
ing-screws for the same, a support for the other 
brush-holder surrounding the axis, a solenoid, | 
a core for the same, and links connecting the | 
core to the respective brush-holders, substan- 
tially asset forth. 

2. The combination, with the brushes, brush- 
holders, and the axis upon which the brush- 
holders swing, of a solenoid and core, con- | 








nections. from the same to the brush-holders, 
and an adjusting-screw to limit the movements 
of the core, substantially as set forth. i 
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3. The combination, with the brush-holders 35 
and their axes, of a solenoid and core, and a 
connection from the core to the brush-bolders, 
and an iron screw atthe inner end of the core 
to adjust the action of the magnetism on the ` 
core, substantially as set forth. . 40 

4. The combination, with the brushes, the 
brush-holders and their axes, of a solenoid and 
core, and eonnectións to move the brush-hold- ' 
ers, and a dash-pot provided with a valve, 
substantially as described, to diminish the 
speed of movement of the core in one direc- 
tion more than the other, substantially as set’ 
forth. ` 

5. The combination, with the brushes, the 
brush-holders and their axes, of asolenoid and 
core, and connections to move the brush-hoid- 
ers, and a dash-pot to diminish the speed of 
movement of the core, substantially as set 
forth. - | 

6. The combination, with the brush-holders 
and the solenoid and core, of links connecting 
to the holders, and a screw to adjust the posi- 
tion of the core in relation to the solenoid, 
substantially as set forth. | 

Signed by me this 12th day of January, A. бо: 
D. 1886. 
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NIKOLA TESLA. 


Witnesses: 
Gro. T. PINCKNEY, 
WILLIAM G. Morr. 
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To ait whom té may concern: 

Beit known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
have inveuted certain Improvements in Dy- 

5 namo-Electric Machines, of which the follow- 
ing is a specification. 

The main objects of my invention are to in- 
crease the efficiency of the machine and to fa- 
cilitate and cheapen the construction of the 

10 same; and to this end my invention relates to 
the magnetic frame and the armature, and to 
other features of construction, hereinafter more 
fully explained. 

My invention is illustrated in the accompa- 

rs nying drawings, in which Figure 1 isa longi- 
tudinal section, and Fig. 2a cross-section, of the 
machine. Fig.3isatop view, and Fig. 4a side 
view, of the magneticframe. Tig. 5 isan end 
view of the commutator-bars, and Fig. 6 is a 

20 section of the shafts and commutator - bars. 
Fig. 7 isa diagram illustrating the coils of the 
armature and the connections to the commu- 
tator-plates. | 

The eorese e e cof the field. inagnets may be 

25 tapering in both directions, as shown, for the 
purposes of concentrating the magnetism upon 
the middle of the pole-pieces. 

The connecting-frame F F of the field-mag- 
nets is in the form indicated in the side view, 

зо Fig. 4, the lower part being provided with the 

` spreading curved cast legs € e, so that the ma- 
chine will rest firmly upon two base-bars, r ». 

To the lower pole, 8, of the field-magnet M. 
is fastened, preferably by means of Babbitt or 

35 other fusible diamagnetic material, the base 

~ B, wbich is provided with bearings b for the 
armature-shaft H. The base B bas a projec- 
tion, P, which supports the brush-holders and 
the regulating devices, which may be of any 

40 ordinary character, or may be such as shown 
in an application of like date herewith, 

The armature is constructed with the view 
to reduce to a minimum the loss of power due 

. to the transversal or Foucault currents and to 

45 the change of polarity, and also to shorten as 

much as possible the length of the inactive 
wire wound upon the armature-core. 

Tt is well known that when the armature is 
revolved between the poles of the field-mag- 
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nets currents are generated in the iron body 50 
of the armature which develop heat, and con- 
sequently cause a waste of power. Owing to 
the mutual action of the lines of force, the mag- 
netic properties of iron, and the speed of the 
different portions of the armature-core, these 55 
currents are generated principally on and near 
the surface of the armature-core, diminishing 
instrength gradually toward the center of the 
core. ‘Their quantity is under same conditions 
proportional to the length of the iron body in 60 
the direction in which these currents are gen- 
erated. Bysubdividing the iron core electric- 
ally in this direction the generation of these 
currents can be reduced to a great extent. For 
instance, if the length of the armature-core is 65 
twelve inches, and by a suitable construction 
thesame is subdivided electrically,so that there 
are inthe generating direction six inches ofiron 
and six inches of intervening air-spaces or in- 
sulating material, the currents will be reduced. 7o 
to fifty per cent. 

As shown in the drawings, the armature is 
constructed of thin iron disks D D D, of vari- 
ous diameters, fastened upon the armature- 
shaft in a suitable mauner and arranged ae- 75 
cording to their sizes, so that a series of iron 
bodies, £4 4, is formed, each of which dimin- 
ishes in thickness from the center toward the 
periphery. At both ends of the armature the 
inwardly-curved disks d d, preferably of east- 8o 
iron, are fastened to the armature-shaft. 

The armature-core being constructed as 
shown, it will be easily seen that on those por- 
tions of the armature that are the most remote 
from the axis, and where the currents are 85 
principally developed, the length of iron in 
the generating direction is only a small frac- 
tion of the total length of the armature-core, 
and besides this the iron body is subdivided 
in the generating direction, and therefore the 9o 
Foucault currents are greatly reduced. An- 
other cause of heating is the shifting of the 
poles of the armature-core. . In consequence 


of the subdivision of the iron in the armature 
and the increased surface for radiation the 95 
risk of heating is lessened. 

The iron disks D D D may be insulated or 
coated with some insulating-painb, a very care- 





Io 


I5 


20 


30 


4o 


£5 


55 


60 


65 


ful insulation being unnecessary, as an elec- 
trical contact between several disks can only 
occur on places where the generated currents 
are comparatively weak. An armature-core 
constructed in the manner described may be 
revolved between the poles of the field-mag- 
nets without showing the slightest increase of 
temperature. 

The end disks, 4 4, which are of sufficient 
thickness and, forthe sake of cheapness, pref- 
erably of cast-iron, are curved inwardly, as 
indicated in the drawings. The extent of the 
curve is dependent on the amount of wire to 
be wound upon the armatures. Inmy present 
invention the wire is wound upon the arma- 
ture in two superimposed parts, and the curve 
of the end disks, d d, is so ealeulated that the 
first part—thatis, practically half of the wire— 
just fillsup the hollow space to the line 2 2; 
or, if the wire is wound in any other manner, 
the curve is such that when the whole of the 
wire is wound the outside mass of wires,w,and 
the inside mass of wires, t, are equal at each 
side of the plane wa. In this case it will be 
seen the passive or electrically-inactive wires 
are of the smallest length practicable. ‘The 
arrangement has further the advantage that 
the total lengths of the crossing wires at the 
two sides of the plane æ æ are practically 
equal. 

To further equalize the armature-coils at 
both sides of the plates that are in contact 


with the brushes, the winding and connecting 


up is effected in the following manner: The 
whole wire is wound upon the armature-core 
in two superimposed parts, which are thor- 
oughly insulated from each other. Each of 
these two parts is composed of three separated 
groups of coils. The first group of coils of the 
first part of wire being wound and connected 
to the commutator-bars in the usual mauner, 
this group is insulated and the second group 
wound; but the coils of this second group in- 
stead of being connected to the next following 
commutator-bars, are connected to the directly- 
opposite bars of the commutator. The second 
group is then insulated and the third group 
wound, tke coils of this group being connected 
to those bars to which they would be con- 
nected in the usual way. The wires are then 
thoroughly insulated and the second part of 
wire wound and connected in the same man- 
ner. Suppose, for instance, that there are 
twenty-four coils—thatis,twelvein each part— 
and consequentiy twenty-four commutator- 
plates. There will bein each partthrec groups, 
each containing four coils, and the coils will 
be connected as follows: 








Groups. Commutator-bars. 
Tirst............... 1— 8 
First part of wire 2 Second...... 2417-21 
Third ... .. 9—18 
First.. 18—17 
Second part of wire 2 Second.. 2. 5— 9 
"Third .............21— 1 
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In constructing the armature-core and wind- 
ing and connecting the coils in the manner in- 
dicated, the passive or electrically-inactive 
wire is reduced to a minimum, and the coils 
at each side of the plates that are in contact 
with the brushes are practically equal, and in 
this way the electrical efficiency of the ma- 
chine is increased. i : 

The eommutator-plates ¿ are shown as out- 
side the bearing b of the armature-shaft. The - 
shaft H is tubular and split at the end portion, 
and the wires are carried through the same in 
any usual manner and connected to the re- 
spective commutator-plates. The commuta- 
tor-plates are upon a eylinder, «, and insu- 
lated, and this cylinder is to be properly placed 
and secured by expanding the split end of the 
shaft by a tapering screw-plug, v. 

I do not claim herein the cores of the field- 
magnets converging toward the pole-pieces; 
nor do I claim the method of fastening the 
base to the lower ficld-magnet, as this has been 
claimed in my former application on dynamo- 
electric machines. 

What I claim is— 

1. In a dynamo-eleetric machine, the arma- 
ture constructed of iron disks of various di- 
ameters arranged upon the shaft in such a 
manner that a series of iron bodies is formed, 
each diminishing in thickness from the cen- 
ter to the periphery, substantially as and for 


the purposes set forth. 


2. Ina dynamo-clectric machine, the arma- 
ture-éore having iron disks of various diame- 
ters, in combination with inwardly - curved 
end disks, for the purposes and substantially 
as set forth. 

3. In a dynamo-electrie machine, an arma- 
ture-core having inwardly-curved ends, in 
combination with the armature-coils, the eross- 
ing wires of which coils pass into the concave 
heads and project equally, substantially as set 
forth. 

4, In a dynamo-electric machine, an arma- 
ture having separate coils superimposed and 
connected to the commutator-plates in alter- 
nating groups, substantially as set forth. 

5. An armature for dynamo -electrice ma- 
chines, having a core composed of disks of va- 
rious diameters, in combination with separate 
superimposed coils connected to the commu: 
tator-plates iu alternate groups, substantially 
as seb forth. 

6. Ina dynamo-clectric machine, the mag- 
netic frame composed of the eorese cc c, the 
curved pole-pieces NS, and the connecting- 
frame with the curved and outwardly - pro- 
jecting legs e e, substantially as described. 

Signed by me this 12th day of January, A. 
D. 1886. 


NIKOLA TESLA. 


Witnesses: 
GEO. T. PINCKNEY, 
WALLACE L. SERRELL. 
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ELECTRO-MAGNETIC MOTOR. | 
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To all whom it may concern: 


Smiljan Lika, border country of Austria-Hun- 
gary, residing at New_York, N. Y., have in- 
vented certain new and useful Improvements 
in Electro-Magnetic Motors, of which the fol- 
lowing is a specification, reférence being had 
to the drawings accompanying and forming a 
part of the same. 

The practical solution of the problem of the 
electrical conversion and transmission of nie- 
chanical energy involves certain requirements 
which the apparatus and systems heretofore 
employed have not been capable of fulfilling. 
Such a solution, primarily, demands a uni- 
formity of specd in the. motor irrespective of 
its load within its normal working limits. On 
the other hand, it is necessary, to attain a 
greater economy of conversion than has here- 
tofore existed, to construct cheaper and more 
reliable and simple apparatus, and, lastly, the 
apparatus must be capable of easy manage- 
ment, and such that all danger from the use of 
currents of high tension, which are neces- 
sary to an economical transmission, may be 
avoided. к 

My present invention is directed to the pro- 
duction and improvement of apparatus capa- 
ble of more nearly meeting these requirements 
thanthose heretofore available, and though I 
have described various means for the purpose, 
they involve the same main principles of con- 
: strüction and. mode of operation, whieh may be 
described as follows: A motor is employed in 
which there are two or more independent cir- 
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cuits through which alternate currents are 


passed at proper intervals,in the manner here- 
inafter described, for the purpose of effecting 
a progressive shifting of the. magnetism or of 
the “lines of force’’ in accordance with the 
well-known theory, and a consequent action 
of the motor. It is obvious that a proper 
progressive shifting of the lines of force may 
be utilized to set up a movement or rotation 
of either element of the motor, the armature, 
or the field-magnet, and that if the currents 
directed through the several circuits of the 
motor are in the proper direction no commu- 
. ^ tator for the motor will be required; but to 

go avoidall the usual commutating appliances in 
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'| the system I prefer to connect the motor-cir- 
Beit known that I, NIKOLA TESLA, from | cuits 


directly with those of a suitable alter- 
nate-current generator. The practical results 

of sueh a system, its economical advantages, 
and the mode of its construction and opera- 55 
tion will be described more in detail by ref- 
erence to the accompanying diagrams and. 
drawings. . 

Figures 1 to Sand 1* to 8, inclusive, are dia- 
grams illustrating the principle of the action 60 
of my invention. The remaining figures are 
views of the apparatus in various forms by 
means of which the invention may be carried 
into effect, and which will be described in 
their order. * 

Referring first to Fig. 9, which isa diagram- 
matic representation of a motor, a generator, 
and connecting-circuits in accordance with my 
invention, Mis the motor, and G the gener- 
ator for driving it. The motor comprises a 70 
ring or annulus, R, preferably built up of 
thin insulated iron rings or annular plates, so 
as to beas susceptibleas possible to variations 
in its magnetic condition. This ring is sur- 
rounded by four coils of insulated wire sym- 75 
metrically placed, and designated by CC C' C". 

The diametrically-opposite coils are connected 

up so as to co-operate in pairs in producing 
free poles on diametrically-opposite parts of 
thering. ‘The four free ends thus leftare con- 80 
nected to terminals T T T T, as indicated. 
Near the ring, and preferably inside of it, there 

is mounted on an axis or shaft, a, a magnetic 
disk, D, generally circular in shape, but hav- 
ing two segments cut away, as shown. This 85 
disk is mounted so as to turn freely within the 
ring R. The generator G is of any ordinary 
type, that shown in the present instance hav- 
ing field-magnets N S and a cylindrical arma- 
ture-core, A, wound with the two coils B B’. go 
The free ends of each coil are earried through 
the shaft a’ and connected, respectively, to in- 
sulated coutact-rings b bV V. Any conven- 
ient form of collector or brush bears on each 
ring and forms a terminal by which the eur- 95 
rent to and from a ring is conveyed. -These ` 
terminals are connected to the terminals of 
the motor by the wires L and I’ in the man- 
ner indicated, whereby two complete circuits 
are formed—one including, say, the coils B of 1co 
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the generator O' C' of the motor, and the other 
the remaining coils B' and C Cofthe generator 
and the motor. 

It remains now to explain the mode of ор- 
eration of this system, and for this purpose I 
refer to the diagrams, Figs. 1 to 8, and 1* to 8, 


» foran illustration ofthe various phases through 
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which the coils of the generator pass when in 
operation, and the corresponding and result- 
ant magnetic changes produced in the motor. 
The revolution of the armature of the gener- 
ator between the field-magnets NS obviously 
produces in the coils B B' alternating currents, 
the intensity and direction of which depend 
upon well-known laws. In the position of the 
coils indivated in Fig. 1 the current in the 
coil B is practically nil, whereas the coil B’ at 
the same time is developing its maximum eur- 
rent, and by the means indieated in the de- 


' seription of Fig. 9 the circuit ineluding this 


coil B' may also include, say, the coils C C of 
the motor, Fig. 1%- The result, with the proper 
connections, would be the .magnetization of 
the ring IY, the poles being on the line N S. 
The same order of connections being observed 
between the coil B and the coils C’, the latter, 
when traversed by a current, tend to fix the 
poles at right angles to the line N S of Fig. 1%. 
16 results, therefore, that when the generator- 
coils have made one eighth of a revolution, 
reaching the position shown in Fig. 2, both 
pairs of coils C and O' will be traversed by 
currents and act in opposition, in so far as the 
loeation of the poles is concerned. The posi. 
tion of the poles will therefore be the result- 
ant of the magnetizing forces of the coils—that 
is to say, it will advance along the ring to a 
position corresponding to one-eighth of the 
revolution of the armature of the generator. 
In Fig. 3 the armature of the generator has 
progressed to one-quarter of arevolution. At 
the point indicated the current in the coil B 
is maximum, while in B'it is nil, the latter 
coil being in its neutral position. The poles 
of the ring Е іп Fig. 3° will, in consequence, 
be shifted toa position ninety degrees from 
that at the start, as shown. I have in like 
manner shown the conditions existing at each 
successive eighth of one revolution in the re- 
maining figures. A short reference to these 
figures will suffice for an understanding of their 
significance. Figs. 4 and 4" illustrate the con- 
ditions which exist when the generator-arma- 
ture has conipleted three eighths of a revolu- 
tion. Here both coils are generati ng eurrent; 
but the coil B', having now entered the орро- 
site field, is generating a current in the орро- 
site direction, having the opposite magnetiz- 
ing effect; hence the resultant pole will be on 
theline N S, as shown. In Fig. 5 one-half of 
one revolution of the armature of the gener- 
ator has been completed, and the resulting 
magnetic condition of the ring isshown in Fig. 
D*. In this phase coil B isin the neutral posi- 
tion while coil B' is generating its maximum 
current, which is in the same direction as in 
"Fig. 4. The poles will consequently be shifted 
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through one half of the ring. In Fig. 6 thear- 
mature has completed five-eighths of a revolu- 
tion. In this position coil B’ develops a less 
powerful current, but in the same direction as 
before. The coil B, on the other hand, having 
entered a field of opposite polarity, generates 
a current of opposite direction. The resultant 


poles will therefore be in the line NS, Fig. 65, . 


or, in other words, the poles of the ring will 
be shifted along five-eighths of its periphery. 
Figs. 7 and 7* in the same manner illustrate 
the phases of the generator and ring at three- 
quarters of a revolution, and Figs. 8 and 8* 
the same at seven-eighths of a revolution of 
the generator-armature. These figures will 
be readily understood from the foregoing. 
When a complete revolution is accomplished, 
the conditions existing at the start are re-es- 
tablished and the same action is repeated for 
the next and all subsequent revolutions, and, 
in general, it will now bescen that every revo- 
lution of the armature of the generator pro- 
duces a corresponding shifting of the poles or 
lines of force around the ring. ‘This effect I 
utilize in producing the rotation of a body or 
armature in a variety of ways—for example, 
applying the principle above described to the 


apparatus shown in Fig. 9. The disk D, ow- 9 


ing to its tendency to assume that position in 
which it embraces the greatest possible num- 
ber of the magnetic lines, is set in rotation, 
following the motion of the lines or the points 
of greatest attraction. 

The disk D in Fig. 9 is shown as cut away 
on opposite sides; but this, Ihave found, is not 
essential to effecting its rotation, as a eireular 
disk, as indicated by dotted lines, is also set 
in rotation. This phenomenon [ attribute to 
a certain inertia or resistance inherent in the 
metal to the rapid shifting of the lines of force 
through the same, which results in a continu- 
ous tangential pull upon the disk, causing its 
rotation. This seems to be confirmed by the 
fact that a cireular disk of steel is more effect. 
ively rotated than one of soft iron, for the rea- 
son that the former is assumed to possess a 
greater resistance to the shifting of the mag- 
netic lines. 

In illustration of other forms of my inven- 
tion, I shall now describe the remaining figures 
of the drawings. . 

Fig. 10 is a view in elevation and part ver- 
tical section of a motor. Fig. 12 is a top view 
of the same with the field in section and a dia- 
gram of connections. Fig. 11 is an end or 
side view of a generator with the fields in sec- 
tion. This form of motor may be used in place 
of that shown above. D isa cylindrical or 
drum-armature core, which, for obvious rea- 
sons, should besplit up as far as practicable to 
prevent the circulation within it of currents 
of induction, The core is wound longitudi- 
nally with two coils, Hand E’, the ends of which 
are respectively connected to insulated con- 
táct-rings d d d' d', carried by the shaft a, upon 
which the armature is mounted. The arma- 
ture is set to revolve within an iron shell, R’, 
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which constitutes the field-magnet, or other | of the resultant attractive force exerted by 
element of the motor. This shell is preferably | the poles G’ upon the armature D, and conse- 
formed with a slot or opening, r, but it may | quently keep the armature rapidly rotating. 70 


be continuous, as shown by the dotted lines, 
and in tbisevent it is preferably made of steel. 
It is also desirable that this shell should be 
divided up similarly to the armature and for 
similar reasons. Asa generator for driving 
this motor 1 may use the device shown in Fig. 
11. This represents an annular or ring arma- 
ture, A, surrounded by four coils, F F IV E, of 
which those diametrically opposite are con- 
nected in series, so that four free ends are left, 
which are connected to the insulated contact- 
rings bbb b. The ring is suitably mounted 
on a shaft, a’, between the poles N S. The 
eontact-rings of each pair of generator eoils 
are connected to these of the motor, respect- 
ively, by means of contact-brushes and the 
two pairs of conductors L L and L/ L/, as in- 
dicated diagrammatically in Fig. 12. Now it 
is obvious from a consideration of the preced- 
ing figures that the rotation of the generator- 
ring produces currents in the coils F F, which, 
being transmitted to the motor-coils, impart to 
the core of the latter magnetic poles constantly 
shifting or whirling around the core. This 
effect sets up a rotation of the armature ow- 
ing to the attractive force between the shell 
and the poles of the armature, but. inasmuch 
as the coils in this case move relative to the 
shell or field- magnet the movement of the 
coils is in the opposite direction to the pro- 
gressive shifting of the poles. 

Other arrangements of the coils of both gen- 
erator and motor are possible, and a greater 
number of circuits may be used, as will be seen 
in the two succeeding figures. 

Fig. 13 is a diagrammatic illustration of a 


motor and a generator constructed and con- 


nected in accordance with my invention. Fig. 
14 is an end view of the generator with its 
field-magnets in section. The field of the mo- 
tor M is produced by six magnetic poles, G’ G’, 
secured to or projecting from a ringor frame, 
H.. These magnets or poles are wound with 
insulated coils, those diametrically opposite 
to each other being connected in pairsso as to 
produce opposite poles in each pair. This 
leaves six free ends, which are connected to 
the terminals T T T T T” T”. The armature, 
which is mounted to rotate between the poles, 
is a cylinder or disk, D, of wrought-iron, 
mounted on the shaft «. Two segments of 
The gen- 
erator for this motor has in this instance 
an armature, A, wound with three coils, K 
K' K", at sixty degrees apart. The ends of 
these coils are connected, respectively, to in- 
These 
rings are connected to those of the motor in 
proper order by means of collecting-brushes 
and six wires, forming three independent cir- 
cuits. 


these circuits and traversing the coils of the 
motor produce a steadily-progressive shifting 


The variations in the strength and di- | 
.rection of tbe currents transmitted through 





The peculiar advantage of this disposition is 
in obtaining a more concentrated and power- 
ful field. The application of this principle to 
systems involving multiple circuits generally 
will be understood from this apparatus. 
Referring, now, to Figs. 15 and 16, Fig. 15 
is a diagrammatic representation of a modifi- 
fied disposition of my invention. Fig. 16 isa 
horizontal cross-section of the motor. in this 
case a disk, D, of magnetic metal, preferably 
eut away ab opposite edges, as shown in dot- 
ted lines in Fig. 15, ig mounted so as to turn 
freely inside two stationary coils, N’ N”, placed 
at right angles to one another. The coils are 
preferably wound on a frame, О, of insulating 
material, and their ends are connected to the 
fixed terminals TT T T’. The generator G is 
a representative of that class of alternating- 
eurrent machinesin which astationary induced 
element is employed. That shown consists of 
a revolving permanent or electro magnet, A, 
and four independent stationary magnets, P 
P’, wound with coils, those diametrically op- 
posite to each other being connected in series 
and having their ends secured to the termi- 
nals ¢ t ť t.. From these terminals the cur- 
rents are led to the terminals of the motor, as 
shown in the drawings. The mode of opera- 
tion is substantially the same as in the previ- 
ous cases, the currents traversing the coils of 
the motor having the effect to turn the disk 


D. 'This mode of carrying out the invention 


has the advantage of dispensing with the slid- 
ing contacts in the system. |0 

In the forms of motor above deseribed only 
one of the elements, the armature or the field- 
magnet, is provided with enérgizing-coils. It 
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remains, then, to show how both eleinentsmay | 


be. wound with coils. Reference is therefore 
had to Figs. 17, 18, and 19. Fig. 17 is an end 
view of such a motor. Fig. 18 is a similar 
view of the generator with the field-magnets 
in section, and Fig. 19 is a diagram of the eir- 
cuit-connections. In Fig. 17 the field-magnet 
of the motor consists of a ring, R, preferably of 
thin insu:ated iron sheets or bands with eight 
pole pieces, G”, and corresponding recesses, ia 
which four pairs of coils, V, are wound. The 
diametrically-opposite pairs of coils are con- 
nected in series and the free ends connected to 
four terminals, w, the rule to be followed: in 
connecting being the same as hereinbefore ex- 
plained. Anarmature, D, with two coils, EE, 
at right angles to each other, is mounted to ro- 
tate in sideof the field-magnetR. The ends of 
the armature-coils are connected to two pairs 
of contact-rings, d d d' d', Fig. 19. The gener- 
ator for this motor may beof any suitable kind 
to produce currents of the desired charaeter. 
In the present instance it consists of a field- 
magnet, N S, and an armature, A, with two 
eoilsat right angles, the ends of. which are con. 
nected to four contaet-rings, b b b' b', carried 
by its shaft. The circuit-connections are es- 
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tablished between the rings on the generator- 
shaft and those on the motor-shaft by collect- 
ing brushes and wires,as previously explained. 
Tn order to properly energize the field- magnet 
of the motor, however, the connections are so 
made with the armature coils or wires leading 
thereto that while the points of greatest at- 
traction or greatest density of magnetic lines 
of force upon the armature are shifted in one 
direction those upon the field-magnet are made 
to progress in an opposite direction. In other 


‘respects the operation is identically the same 


as in the other cases cited. This arrangement 
results in an increased speed of rotation. In 
Figs. 17 and 19, for example, the terminals of 
each set of field-coils are connected with the 
wires to the two armature-coils in such way 
that the field-coils will maintain opposite poles 
in advance of the poles of-the armature. 

In the drawings the field-coils are in shunts 
to the armature, but they may be in series or 
in independent ¢ircuits. 

It isobvious that thesame principle may be 
applied to the various typical forms of motor 
hereinbefore described. 

Having now described the nature of my in- 
vention and some of the various waysin whieh 
it is or may be carried into effect, I would call 
attention to certain characteristics which the 
applications of the invention possess and the 
advantages which the invention secures. 

In my motor, considering for convenience 
that represented in Fig. 9, it will be observed 
that since the disk D has a tendency to follow 
continuously the points of greatest attraction, 
and since these points are shifted around the 
ring once for each revolution of the armature 


- of the generator, it follows that the movement 
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of the disk D will be synchronous with that of 
the armature A. This feature by practical 
demonstrations I have found to exist in all 
other forms in which one revolution of the 
armature of the generator produces a shifting 
of the poles of the motor through three hun- 
dred and sixty degrees. 
In the particular construction shown in Fig. 
15,or in others constructed on a similar plan, 
the number of alternating impulses resulting 
from one revolution of the generator arma- 
ture is double as compared with the preced- 
ing eases, and the polarities in the motor are 
Shifted around twice by one revolution of the 
generator-armature. The speed of the motor 


will, therefore, be twice that of the generator. | 


The same result is evidently obtained by such 


a disposition as that shown in Fig. 17, where 


the poles of both elements are shifted in op- 


' posite directions. 


60 


Again, considering theapparatus illustrated 
by Fig. 9 as typic. - of the invention, it is ob- 
vious that since the attractive effect upon the 
disk D is greatest when the disk is in its 
proper relative position to the poles devel- 
oped in the ring R—that is to say, when its 
ends or poles immediately follow those of the 
ring—the speed of the motor for all the loads 
within the normal working limits of the mo- 





tor will be practically constant. It is clearly 
apparent that the speed can never exceed the 
arbitrary limit as determined by the gener- 
ator, and also that within certain limits at 
least the speed of the motor will be independ- 
ent of the strength of the current. | 

It will now bé more readily seen from the 
above description how far the requirements of 
a practical system of electrical transmission 
of power are realized in my invention. Ise- 
cure, first, a uniform speed under all loads 
vithin the normal working limits of the mo- 
tor without the use of any auxiliary regulator; 
second, synchronism between the motor and 
generator; third, greater efficiency by the 
more direct application of the current, no 
commutating devices being required on either 
the motor or generator; fourth, cheapness and 
simplicity of mechanical construction and 
economy in maintenance; fifth, the capability 
of being very easily managed or controlled; 
and, sixth, diminution of danger from injury to 
persons and apparatus. : 

These motors may be run in series, multiple 
are or multiple series, under conditions well 
understood by those skilled in the art. 

The means or devices for earrying out the 
principle may be varied to a far greater ex- 
tent than I have been able to indicate; but I 
regard as within my invention, and I desireto 
Secure by Letters Patent in general, motors 
containing two or more independent circuits 
through which the operating-currents are led 
in the manner described. By "independent" 
I do not mean to imply that the circuits are 
necessarily isolated from one another, for in 
some instances there might be electrical con- 
nections between them to regulate or modify 
the action of the motor without necessarily 
producing a new or different action. 

I am aware that the rotation of the arma- 
ture of à motor wound with two energizing- 
coils at right angles to each other has been 
effected by an intermittent shifting of the en- 
ergizing effect of both coils through which a 
direct current by means of mechanical de- 


vices has been transmitted in alternately-op-' 


posite directions; but this method or plan Гте- 
gard as absolutely impracticable for the pur- 
poses for which my invention is designed—at 
least on any extended scale—for the reasons, 
mainly, that a great waste of energy is neces- 
sarily involved unless the number of energiz- 
ing-cireuits is very great, and. that the inter- 
ruption and reversal of a current of any con- 
siderable strength by means of any known 
mechanical devices is a matter of the greatest 
difficulty and expense. 

In this application I do not claim the method 
of operating motors which is herein in volved, 


-having made separate application for such 


method. 
I therefore claim the following: 
1. The combination, with a motor contain- 
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armature or field-magnet, or both, of an alter- 
nating-current generator containing induced 
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circuits connected independently to corre- 
sponding circuits in the motor, whereby a ro- 
tation of the generator produces a progressive | 
shifting of the poles of the motor, as hercin | 
described. 

2. In a system for the electrical transmis- 
sion of power, the combination of a motor pro- 
vided with two or more independent magnet- 
izing-coils and an alternating-current gener- | 
ator containing induced coils corresponding to 
the motor-coils, and circuits connecting di- 
rectly the motor and generator eoils in such 
order that the currents developed by the gen- 
erator will be passed through the correspond- , 
ing motor-coils, and thereby produce a pro- | 
gressive shifting of the poles of the motor, as 
herein set forth. ` 

3. The eombination, with a motor having 
an annular or ring-shaped field- magnet and a 
cylindrical or equivalent armature, and inde- | 
pendent coils on the field-magnet or armature, 
or both, of an alternating-current generator 
having correspondingly independent coils, 
aud circuits including the generator.coils and 
corresponding motor-coilsin such manner that ! 
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the rotation of the generator causes a pro- 
gressive shifting of the poles of the motor in 
the manner set forth. 

4. In a system for the electrical transmis- 


sion of power, the combination of the follow- : 


ing instrumentalities, to wit: a motor com- 
posed of a disk or its equivalent mounted 


| within a ring or annular field-magnet, which 


is provided with magnetizing-coils connected 
in diametrically-opposite pairs or groups to 
independent terminals, a generator having in- 
duced coils or groups of coils equal in number 


| to the pairs or groups of motor-coils, and cir- 


cuits connecting the terminals of said coils to 


the terminals of the motor, respectively, and 40 


in such order that the rotation of the gener- 
ator and the consequent production of alter- 
nating currents in the respective circuits pro- 
duces a progressive shifting of the poles of the 
motor, as hereinbefore described. 


NIKOLA TESLA. 


Witnesses: . 
FRANK E. HARTLEY, 
Frank B. MURPHY. 
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To all whom it may concern: 
Ве it known that IL, NIKOLA TESLA, from 
Smiljan Lika, border country of Austria-Hun- 


gary, now residing in New York,in the county | 


5 and State of New York,have invented certain 
new and useful Improvements in Blectro-Mag- 
netic Motors,of which the following is a speci- 
fication, reference being had to the drawings 
accompanying and forming apart of the same. 
In an application filed by me October 12, 
1887, No.252,132, I have shown and deseribed 
a novel form of electro-magnetic motor and a 
mode of operating the same, which may be 
generally described as follows: The motor is 
15 wound with coils forming independent ener- 
gizing-circuits on either the armature or field 
magnet, or both, (itissufficient for present pur- 
poses to consider the case in which the coils 
are on the armature alone, ) and these coils are 
20 connected up with corresponding circuits on 
an alternating-current generator. As the re- 
sult of this, currents of alternately-opposite 
direction are sent through the energizing-coils 
of the motor in such manner as to produce a 
progressive shifting or rotation of the mag- 
netic poles of the armature. This movement 
of the poles of the armature obviously tends 
to rotate the armature in the opposite direc- 
tion to that in which the movement of the poles 
takes place, owing to the attractive force be- 
tween said poles and the field-magnets,and the 
speed of rotation increases from the start un- 
til it equals that of the generator, supposing 
both motor and generator to be alike. 
As the poles of the armature are shifted in 
a direction opposite to that in which the arma- 
ture rotates, it will be apparent that when the 
normal speed is attained the poles of the 
armature will assume a fixed position relative 
to the field-magnet, and that in consequence 
the field-magnets will be energized by mag- 
netic induction, exhibiting two distinct poles, 
one in each of the pole-pieces. In starting 
the motor, however, the speed of the arma- 
ture being comparatively slow, the pole-pieces 
are subjected to rapid reversals of magnetic 
polarity; but as the speed increases these re- 
versals become less and less frequent, and 
finally cease when the movement of the arma- 
ture become synchronous with that of the gen- 
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erator. This being the case,the ñeld.coresand 
the pole-pieces of the motor become a mag- 
net, but by induction only. | 

І have found that advantageous results are 
secured by winding the field-magnets with a 55 
coil or coils and passing a continuous current 


through them, thus maintaining a permanent ` 


field, and in this feature my present invention 
consists. 

Ishall now deseribe the apparatus whieh I 6o 
have devised for carrying out this invention 
and explain the mode of using or operating 
the same. i 

Figure 1 is an end view in elevation of my 
improved motor. Fig. 2 is a part horizontal 65 
central section, and Fig. 3 is a diagrammatic 


representation of the motor and generator 


combined and connected for operation. 

Let A A in Fig. 1 represent the legs or pole- 
pieces of a field-magnet, around which are 70 
coils B B, included in the circuit of a contin- 
uous-current generator, C, which is adapted 
to impart magnetism to the said poles.in the 
ordinary manner. 

D D' are two independent coils wound upon 75 
a suitable cylindrical or equivalent armature- 
core, which, like all others used in a similar 
manner, should be split or divided up into al- 
ternate magnetic and insulating parts in the 
usual way. This armatureis mountedin non- 80 
magnetic cross-bars E H, secured to the poles 
of the field-magnet. The terminals of the ar- 
mature-coils D D' are connected to insulated 
sliding eontact-rings «a a b b carried by the ar- 
mature shaft, and brushes c в bear upon these 8: 
rings to convey to the coils the currents which 
operate the motor. 

The generator for operating this motor is or 
may be of precisely identical construction; 
and for convenience of referencel have marked 90 
in Fig. 3 its parts, as follows: F F, the field- 
magnets, energized by a continuous current 
passing in its field-coils G G: H H’, the coils 
carried by the cylindrical armature; d d e e, 
the friction or collecting rings, carried by the 95 
armature-shaft and forming the terminals of 
the armature-coils; and f f’, the collecting- 
brushes which deliver the currents developed 
in the armature-coils to the two circuits g g', 
which connect the generators with the motor, 100 
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The operation of this system will be under- 
stood from the foregoing. The action of the 
generator, by causing a progressive shifting of 
the poles in the motor-armature,sets up in the 
latter a rotation opposite in direction to that 
in which the poles move. If, now, the continu- 
ous current be directed through the field coils, 
so as to strongly energize the magnet A A,the 
speed of the motor, which depends upon that 
of the generator, will not be increased, but the 


power which produces its rotation will be in- ; 


creased in proportion to the energy supplied 
through the coils B B. 

It is characteristic of this motor that its di- 
rection of rotation is not reversed by revers- 
ing the direction of the current through its 
field-coils, for the direction of rotation de- 
pends not upon the polarity of the field, but 
upon the direction in which the poles of the 
To reverse the motor, 
the connections of either of the circuits g g’ 
must be reversed. 

I have found that if the field-magnet of the 
motor be strongly energized by its coils B B 
and the circuits through the armature-coils 
closed, assuming the generator to be running 
at a eertain speed, the motor will not start; 
but if the field be but slightly energized or in 
general in such condition that the magnetic 
influence of the armature preponderates in 
determining its magnetic condition the motor 
will start and, with sufficient current, will 
reach its maximum or normal speed. For this 
reason it is desirable to keep at the start and 
until the motor has attained its normal speed, 
or nearly so, the field-cirenit open or to per- 
mit but little current to pass through it. I 
have found, however, if the fields of both the 
generator and motor be strongly energized 
that starting the generator starts the motor, 
and that the speed of the motor is increased 
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in synchronism with the generator. Motors 
constructed and operated on this principle 
maintain almost absolutely the same speed for 
all loads within their normal working-limits; 
and in practice I have observed that if the 
motor be overloaded to such an extent as to 
check its speed the speed of the generator, if 
its motive power be not too great, is dimin- 
ished synchronously with that of the motor. 

I have in other applications shown how the 
construction of these or similar motors may 
be varied in certain well-known ways—as, for 
instance, by rotating the field abont a station- 
ary armature or rotating conductors within 
the field; but I do not illustrate these features 
further herein, as with the illustration which 
I have given I regard the rest as within the 
power of a person skilled in the art to con- 
struct. 

The present form of motor is cheap, simple, 
reliable, and easy to maintain. It requires 
the simplest type of generator for its opera- 
tion, and when properly constructed shows a 
high efficiency. , 

I do not claim herein the method of trans- 
mitting power which this system involves, 
having made it the subject of another appli- 
cation for patent. 

What I claim is— 

The combination, with a motor having in- 
dependent energizing or armature circuits, of 
an alternating-current generator with corre- 
sponding induced circuits connected with the 
motor for effecting a progressive shifting of 
the poles of the motor-armature, and a source 
of continuous current for energizing the field 
of said motor, as set forth. - 

NIKOLA TESLA. 

Witnesses: 

FRANK D. MURPHY, 
FRANK E. HARTLEY. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES 
F. PECK, OF ENGLEWOOD, NEW JERSEY. 


SYSTEM OF ELECTRICAL DISTRIBUTION. 


SPECIFICATION forming part of Letters Patent No. 381,970, dated May 1, 1888. 
Application filed December 23, 1887. Serial No. 258,787. (No model.) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, from 
Smiljan Lika, border country of Austria-Hun- 
gary,now residing at New York,in the county 
and State of New York, have invented certain 
new and useful Improvements in Systems of 
Electrical Distribution, of which the following 
is a specification, reference being had to the 
drawings accompanying and forming a part of 
the same. 

This invention relates to those systems of 
electrical distribution in which a current from 
a Single source of supply in a main or trans- 
mitting circuit is caused to induce by means 
of suitable induction apparatus a current or 
currents in an independent working cireuit or 
circuits. 

The main objects of the invention are the 
same as have been heretofore obtained by the 
use of these systems—viz., to divide the cur- 
rent from a single source, whereby a number 
of lamps, motors, or other translating deyices 
may be independently controlled and operated 
by the same source of current, and in some 
cases to reduce a current of high potential in 
the main circuit to one of greater quantity and 
lower potential in the independent consump- 
tion or working cireuit or eircuits. 

The general character of the devices em- 
ployed in these systems is now well under- 
stood. An alternating-current magneto-ma- 
chine is used as the source ofsupply. The cur- 
rent developed thereby is conducted through 
a transmission-circuit to one or more distant 
points at which the transformers are located. 
These consist of induction-machines of various 
kinds. Insome cases ordinary forms of indue- 
tion-coil have been used with one coil in the 
transmitting-circuit and the other in a local 
or consumption circuit, the coils being differ: 
ently proportioned according to the work to 
be done in the consumption-cirecuit—that is 
to say, if the work requires a current of higher 
potential than that in the transmission cireuit 
the secondary or induced coil is of greater 
length and resistance than the primary, while, 
on the other hand, if a quantity current of 
lower potential is wanted the longer coil is 
made the primary. In lieu of these devices 


| various forms of electro.dynamic induction- 50 


machines, including the combined motors and 
generators, have been devised. For instance, 
a motor is constructed in accordance with well- 
understood principles, and on the same arma- 
ture are wound induced coils which constitute _,; 
a generator. The motor-coils are generally of 
fine wire and the generator-coils of coarser 
wire, so as to produce a current of greater 
quantity and lower potential than the line-cur- 
rent,which is of relatively high. potential, to 6c 
avoid loss in long transmission. - À similar ar- 
rangement is to wind coils corresponding to 
those described in a ring or similar core, and 
by means of a commutator of suitable kind to 
direct the current through the inducing-coils 65 
successively, so as to maintain a movement of 
the poles of the core and of the lines of force 
which set up the currents in the induced coils. 

Without enumerating the objections to these 
systems in detail, it will suffice to say that the 70 
theory or the principle of the action or opera- 
tion of these devices has apparently been so 
little understood that their proper construc- 
tion and use have up to the present time been 
attended with various difficulties and gteat 75 
expense. The transformers are very liable to 
be injured and burned out, and the means re- 
sorted to for curing this and other defects 
have almost invariably been at the expense of 
efficiency. 

The form of converter or transformer which 
I have devised appears to be largely free from 
the defects and objections to which I have al- 
luded. While I do not herein advance any 
theory as to its mode of operation, I would 85 
state that, in so far as the principal of con- 
struction is concerned, itis analogous to those 
transformers which I have above describëd as 
electro- dynamic induction - machines, ežcept 
that it involves no moving parts whatever, and 9C 
is hence not liable to wear or other derange- 
ment, and requires no more attention than the 
other and more common induction-machines. 

Iu earrying oub my invention I provide à 
series of inducing-coils and corresponding in- 95 
duced coils, which, by preference, I wind upon 
a core closed upon itself—such as an annulus or 
ring subdivided in the usual manner, The 
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two sets of coils are wound side by sideorsu- 
perposed or otherwise placed in well-known 


ways to bring them into the most effective re- | 
‘lations to one another aud to the core. 


The 
inducing or primary coils wound on the core 
are divided into pairs or sets by the proper 
electrical connections, so that while the coils of 
one pair or set to co-operate in fixing the mag- 
netic poles of the core at two given diametric- 
ally-opposite points, the coils of the other pair 
or set—assuming, for sake of illustration, that 
there are but two—tend to fix the poles ninety 
degrees from such points. With tbis induc- 
tion device I use an alternating-current gen- 
erator with coils or sets of coils to correspond 
with those of the converter, and by means of 
suitable conductors I connectup in independ- 
ent circuits the corresponding coils of the gen- 
erator and converter. It results from this 
that the different electrical phases in the gen- 
erator are attended by corresponding mag- 
netic changes in the converter; or, in other 
words, that as the generator-coils revolve the 
points of greatest magnetic intensity in the 
converter will be progressively shifted or 
whirled around. This principle I have ap- 
plied under variously-modified conditions to 
the operation of electro-magnetic motors, and 
in previous applications, notably in those hav- 
ing Serial Nos. 252,132 and 256,561, I have de- 
scribed in detail the manner of constructing 
and using such motors. In the present appli- 
cation my object is to describe the best and 
most convenient manner of which I am at pres- 
ent aware of carrying out the invention as ap- 
plied to a system of electrical distribution; 
but one skilled in the art will readily under- 
stand from the description by the modifica- 
tions proposed in said applications, wherein 
the form of both the generator and converter 
in the present case may be modified. 

In illustration therefore of the details of 
construction which my present invention in- 
volves, I now refer to the accompanying draw- 
ings. 

Figure 1is a diagrammatic illustration of 
the converter and the electrical connections of 
the same. Fig. 2 is a horizontal central cross- 
section of Fig. 1. Fig. 3is a diagram of the cir- 
cuits of the entire system, the generator being 
shown in section. 


Lusea core, A, which is elosed upon itself— | 


that is to say, of an annular cylindrical or 
equivalent form--and as the efficiency of the 
apparatus is largely increased by the subdi- 
vision of this core I make it of thin strips, 
plates, or wires of soft iron electrically insu- 
lated as far as practicable. Upon this core, 


by any well-known method, I wind, say, four | 


coils, B B B’ B’, which T use as primary coils, 
and for which I use long lengths of compara- 
tively fine wire. Over these coils I then wind 
shorter coils of coarser wire, C C 0’ C', to con- 
stitute the induced or secondary coils. The 
construction of this or any equivalent form of 
converter may be carried further, as above 





pointed out, by inclosing these coils with iron— 
as, for example, by winding over the coils a 
layer or layers of insulated iron wire. 

The device is provided with suitable bind- 
ing-posts, to which the ends of the coils are 
led. The diametrically-opposite coils B B and 
В B’are connected, respectively, in series, and 
the four terminals are connected to the bind- 
ing-posts 123 4. The induced coils are соп. 
nected together in any desired manner. Tor 
example, as shown in Tig. 3, C C may becon 
nected in multiple are when a quantity cur- 
rent is desired—as for running a group of in- 
candescent lamps, D—while C’ C’ may be in- 
dependently connected in series in a circuit 
including arc lamps or the like. The gener- 
ator in this system will be adapted to the con- 
verter in the manner illustrated. For exam- 
ple, in the present case I employ a pair of or- 
dinary permanent or electro magnets, E E, 
between which is mounted a cylindrical arma- 
ture on a shaft, F, and wound with two coils, 
GG’. The terminals of these coils are con- 
nected, respectively, to four insulated contact 
or collecting rings, H H H’ H’, and the four 
line circuit-wires L connect the brushes K, 
bearing on these rings, to the converter in the 
order shown. Noting the results of tbis com- 
bination, it will be observed that at a given 
point of time the coil G is in its neutral posi- 
tionandisgeneratinglittle or no current, while 
the other coil, G’, isin a position where it ex- 
erts its maximum effect. Assuming coil G to 
be connected in circuit with coils B B of the 
converter, and coil G' with coils B’ B’, it is 
evident that the poles of the ring A will be 
determined by eoils B' B' alone; but as the 
armature of the generator revolves, coil G de- 
delops more current and coil G” less, until G 
reaches its maximum and G' its neutral posi- 
tion. The obvious result will be to shift the 
poles of the ring A through one-quarter of 
its periphery. The movement of the coils 
through the next quarter of a turn, during 
which coil G’ enters a field of opposite po- 
larity and generates a current of opposite 
direction and increasing strength, while coil 
G, in passing from its maximum to its neu- 
tral position generates a current of decreas- 
lng strength and same direction as before, 
causes a further shilting of the poles through 
the second quarter of the ring. The sec- 
ond half-revolution will obviously be a repe- 
tition of the same action. By the shifting of 
the poles of the ring A a powerful dynamic 
inductive effect on the coils © C is produced. 
Besides the currents generated in the second- 
ary coils by dynamo-magnetic induction other 
currents will be set up in the same coils in con- 
sequence of any variations in the intensity of 
the poles in thering A. Thisshould be avoided 
by maintaining the intensity of the poles con- 
stant, to accomplish which care should be 
taken in designing and proportioning the gen- 
erator and in distributing the coils in the ring 
A and balancing their effect. When this is 
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done, the eurrents are produced by dynamo- 
magnetic induction only, the same result be- 
ing obtained as though the poles were shifted 
by a commutator with an infinite number of 
segments, . . 

The modifieations which are applicable to 
other forms of converter are in many respects 
applicable to this. I refer more partieularly 
to the form of the core, the relative lengths 
and resistances of the primary and secondary 
coils, and the arrangements for running or op- 


‘erating the same. 


The new method of electrical conversion 
which this system involves T have made the 
subject of another application, and I do not 
claim it therefore herein. 

Without limiting myself therefore to any 
specific form, what I claim is— 

1. The combination, with a core closed upon 
itself, inducing or primary coils wound thereon 
and connected up in independent pairs or sets, 
and induced or secondary coils wound upon 
or near the primary coils, of a generator of 
alternating currents and independent connec- 
tions to the primary coils, whereby by the op- 
eration of the generator a progressive shifting 
of the poles of the core is effected, as set forth,- 


2. Thecombination, with an annular orsimi- 
lar magnetic core and primary and secondary 
coils wound thereon, of an alternating-cur- 30 
rent generator having induced or armature 
coils corresponding to the primary coils, and 
independent circuits connecting the primary 
coils with the corresponding coils of the gen- 
erator, as herein set forth. 3 

3. The combination, with independent elec- 
tric transmission-circuits, of transformers con- 
sisting of annular or similar cores wound with 
primary and secondary coils, the opposite pri- 
mary coils of each transformer being connected 
to one of the transmission-circuits, an alter- 
nating-current generator with independent in- 


О 


+ 


| duced or armature coils connected with the 


transmission-circuits, whereby alternating cur- 
rents may be directed through the primary 
coils of the transformers in the order and man- 
ner herein described. 


NIKOLA TESLA. 


Witnesses: 
`` Rost. H. Duncan, 
' RoBT. F. GAYLORD. 
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ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 382,279, dated May 1, 1888. 
Application filed November 30, 1887. Serial No. 956,501. (No model.) 


To all whom it muy concern: 
Be it known that I, NIKOLA TESLA, à sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, now 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro-Magnetic Mo- 
tors, of which the following is a specification, 
reference being had to the drawings accom- 
panying and forming a part of the same. 

In a former applieation, filed October 12, 
1887, No. 252,132, I have shown and described 
a mode or plan of operating electric motors by 
causing a progressive shifting of the poles of 
one or both of the parts or elements of a mo- 
tor—that is to say, of either the field magnet 
or magnets or armature, or both. I accom- 


. plish this by constructing a motor with two or 
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more independent energizing-cireuits, on the 
field-magnets,for example, and I connect these 
up with corresponding induced or generating 
circuits in an alternating-current generator, so 
that alternating currents are caused to trav- 
erse the motor - circuits. By so doing the 
poles of the field-magnet of the motor are pro- 
gressively shifted, and by their attraction upon 
a rotary armature set up a rotation in the lat- 
ter in the direction of the movement of the 
poles. 
produced and maintained by the direct attrac- 
tion of the magnetic elements of the motor. I 
have discovered that advantageous results may 
be secured in this system by utilizing the shift- 
ing of the poles primarily to setup currents in 
a closed conductor located within the influence 


of the field of the motor, so that the rotation | 


may result from the reaction of such currents 
upon the field. 

To illustrate more fully the nature of the in- 
vention Irefer to the accompanying drawings. 

Figure 1 represents in side elevation the 
operative parts or elentents of a motor em- 
bodying the principles of my invention, and 
in section the generator for operating thesame. 
Fig. 2 isa horizontal central section of the mo- 
tor in Fig. 1,the circuits being shown partly in 
diagram. Fig. 3 is a modified form of motor 
in side elevation. Fig. 4isa central horizon- 
tal cross-section of Fig. 3. 

In Figs. 1 and 2, Ais an annular core of soft 
iron, preferably laminated or formed of in- 


In this ease, However, the rotation is. 








sulated sections, so asto be susceptible to rapid 
variations of magnetism. ‘This core is wound 
with four coils, CO C' C', the diametrically-op- 
posite coils being connected in the same cir- 55 
cuit, and the two free ends of each pair being 
brought to the terminals tand t’, respectively, 
asshown. Within this annular field-magnet 

A is mounted a soft-iron cylinder or disk, D, 

on an axis, a, in bearings b b, properly sup- бо 
ported by the frame-work of the machine. 
The disk carries two coils, E F’, of insulated 
wire, wound atright anglesto one another,and 
having their respective ends joined, so that 
each coil forms a separate closed circuit. 

In illustration of the action or mode of op- 
eration of this apparatus, let it be assumed that 
the annular field-magnet A is permanently 
magnetized, so as to present two free poles dia- 
metrically opposite. If suitable mechanical 70 
provision be now made for rotating the field- 
magnet around the disk,the apparatus exem- 
plifies the conditions of an ordinary magneto- 
generator,and currents would be set up inthe 
coils or closed eonduetors E E/ on the disk D. 75 
Evidently these currents would be the most 
powerful at or near the points of the greatest 
density of the lines of force, and they would, 
as in all similar cases, tend, at least theoreti- 


65 


cally, to establish magnetie poles in the disk 80 —— 


D at right angles to thosein the annular field- 
magnet A. As a result of the well-known 
reaction of these polarities upon each other, 
a more or less powerful tendency in the disk 
to rotate in the same direction as that of the 85 
field-magnet would be established. Tf, on the 
other hand, the ring or annular field-magnet 
A be held stationary and its magnetic poles 
progressively shifted. by passing through its 
coils O CO’ properly-alternated currents, it is gc 
obvious that similar results will follow, for 
the passage of the currents causing the shift- 
ing or whirling of the poles of the field-mag- 
net A-induces currents in the closed circuits 
of the armature coils E JY, with the result of os 
setting up a rotation of the disk D in thesame 
direction of such shifting. Inasmuch as the 
currents are always induced or generated in 
the coils E EH’ in the same manner, the poles 


of the disk or cylinder follow continuously tco 


the poles of the annular field-magnet, main- 
taining, at least theoretically, the same rela- 
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tive positions. This results in an even and 
perfect action of the apparatus. 

In order that the system as a whole may be 
better understood, I shall now describe the 
mode or plan devised by me for producing the 
currents that effect the progressive shifting of 
the poles of the motor. 

In Fig. 1, B B’ are the poles or pole-pieces 
of an alternatiug-eurrent generator. They 
are permanently magnetized and of opposite 
polarity. Fisa cylindrical or other armature 
containing the independent coils G G’. These 
coils are wound at right angles, so that while 
one is crossing the strongest portion of the 
field of force the other is at the neutral point. 
The coils G G’ terminate in the two pairs of 
insulated colleeting-rings f and f',upon which 
bear the brushesg g’. Four wires connect the 
motor-terminals ! and /' with the brushes g and 
g', respectively. When the generator is ro- 
tated, the coil G will at the certain point shown 
in the drawings be’ generating its maximum 
current, while coil G’ is neutral. Let it be as- 
sumed that this current is conveyed from the 
rings f f to the terminalsétand through the 
colis © ©. Its effect will be to establish poles 
in the ring midway between the two coils. 
By the farther rotation of the generator the 
coil G’ is brought within the influence of the 
field and begins to produce a current, which 
grows stronger as the said coil approaches 
the maximum points of the field, while the 
current produced in the coil G diminishes as 
the said coil recedes from those points. The 
current from the coil G’, being conveyed to 


the terminals ¢’ and through coils C' O', has | 


a tendency to establish poles at right angles 
to those set up by the coils C O; but owing 
to the greater effect of the current in coils C 
C the result is merely to advance the poles 
from the position in which they would remain 
if due to the magnetizing influence of coils O 
C alone. This progression continues for a 
quarter-revolution until coil G G becomes 
neutral and coil G’ G’ produces its maximum 
current. The action described is then re- 
peated, the poles having been shifted through 
one-half of the field,or ahalf-revolution. The 
second half-revolution is accomplished in a 
similar way, the same polarity being main- 
tained in the shifting poles by the movement 
of the generator -coils alternately through 
fields of opposite polarity. . 
The same principle of operation may be ap- 
plied to motors of various forms, and I have 
shown one of such modified forms in Figs. 3 
and 4of the drawings. Iu these figures, M M' 
are field-magnets secured to or forming part 
of a frame, I”, mounted on a base, P. These 
magnets should be laminated or composed of 
a number of electrically-insulated magnetic 
sections, to prevent the circulation of induced 
currents and to render them capable of rapid 
magnetic changes. These magnetic cores or 
poles are wound with insulated coils © C', the 
diametrically-opposite coils being connected 
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together in series and their free ends brought 
to terminals £ t, respectively. Between the 
poles there is mounted, in bearingsin the eross- 
pieces G^, a cylindrical iron core, D, which, 
in order to prevent the formation of eddying 
currents, and the loss consequent thereon, is 
subdivided in the usual way. Insulated con- 
ductors or coils are applied to the cylinder D 
longitudinally, and for these I may employ 
copper plates Ej E, which are secured to tlie 
sides and ends of the cylindrical core in well- 
known ways. These plates or conductors may 
form one or preferably several independent 
circuits around the core. Inthe drawings two 
of such circuits areshown, formed respectively 
by the conductors E and, E/, which are insu- 
lated from each other. Itisadvantageous also 
to slot these plates longitudinally, to prevent 
the formation of eddy currents and waste of 
energy. 

From what has now been given the òpera- 
tion of this apparatus will be readily under- 
stood. Tothe binding-posts ¢ are connected 
the proper circuits from the generator to cause 
& progressive shifting of the resultant mag- 
netie poles produced by the magnets M upon 
the armature. Thus currents are induced in 
the closed circuits on the eore, which, energiz- 
ing the core strongly, maintain a powerful at- 
traction betweenthe same and the field, which 
causes arotation of the armature in the direc- 
tion in which the resultant poles are shifted. 

The particular advantage of the construc- 
tion illustrated in Figs. 3 and 4 is that a con- 
centrated and powerful field is obtained and 
a remarkably powerful tendency to rotation 
in the armature secured. The same results 
may be obtained in the form illustrated in 
Figs. 1 and 2, however, by forming polar pro- 
jeetions on the field and armature cores. 

When these motors are not loaded, but run- 
ning free, therotation of thearmature is nearly 
synchronous with the rotation of the poles of 
the field, and under these circumstances very 
little current is perceptible in the coils E E 
but if a load is added the speed tends to di- 
minish and the currents in coils E E are aug- 
mented, so that the rotary effort is increased 
proportionately. 

Obviously the principle of this invention is 
capable of many modified applications, most of 
which follow as a matter of course from the 
constructions described. For instance, the 
armature-coils,or those in which the currents 
are set up by induction, may be held stationary 
and the alternating currents from the genera- 
tor conducted through the rotating inducing 
or field coils by means of suitable sliding con- 
tacts. It is also apparent that the induced 


coils may be movable and the magnetic parts 
of the motor stationary; but I have illustrated 
these modifications fully in the application to 
which reference has herein been made. 

In the case of motors wound with independ- 
ent field and armature circuits and operated 
by shifting their poles, as described in my said 
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prior applieation, I may by short.cireuiting 
thearmature-coils apply the present invention 
in order to obtain greater power on starting. 

An advantage and characteristic feature of 
motors constructed and operated in accordance 


with this invention is their capability of al- | 


most instantaneous reversal by a reversal of 
one of the energizing-currents from the gen- 
erator. This will be understood from a con- 
sideration of the working conditions. Assum- 
ing the armature to be rotating in a certain di- 
rection following the movement of the shifting 
poles, then reverse the direction of the shift- 
ing, which may be done by reversing the con- 
nections of one of the two energizing-circuits. 
If it be borne in mind that in a dynamo-elec- 
tric machine the energy developed is very 
nearly proportionate to the cube of the speed, 
it is evident that at such moment an extra- 
ordinary power is brought to playin reversing 
the motor. In addition to this the resistance 


of the motor is very greatly reduced at the | 


moment of reversal, во Шаба much greater 
amount of current passes through the energiz- 
ing-circuils. 

‘The phenomenon alluded to—viz., the varia- 
tion of the resistance of the motor apparently 
like that in ordinary motors—I attribute to the 
variation in the amount of selt-induction in 
the primary or energizing circuits. | 

"These motors present numerous advantages, 
chief among which are their simplicity, relia- 
bility, economy in construction and mainte- 
nance, and their easy and dangerless manage- 
ment. As no commutators are required. on 





either the generators or the motors, the system 
is capable ofa very perfect action and involves 
but little loss. 

I do not claim herein the mode or plan of 
producing currents in closed conductors in a 
magnetic field which is herein disclosed,except 
in its application to this particular purpose; 
but 

What I claim is— 

1. The combination, with a motor contain- 
ing independent inducing or energizing cir- 
cuits and closed induced circuits, of an alter- 
nating-current generator having induced or 
generating circuits corresponding to and con- 
nected with the energizing-circuits of the mo- 
tor, as set forth. 

9. An electro-magnetic motor having its 
field-magnets wound with independent coils 
andits armature with independent closed coils, 
in combination with a source of alternating 
currents connected to the field-coils and eapa- 
ble of progressively shifting the poles of the 
field-magnet, as set forth. 

8. A motor eonstrueted with an annular 
field-magnet wound with independent coils 
and a eylindrieal or disk armature wound with 
elosed eoils, in eombination with a source of 
alternating eurrents connected with the field- 
magnet coils and acting to progressively shift 
or rotate the poles of the field, as herein set 
forth. 

- NIKOLA. TESLA. 

Witnesses: 

FRANK D. MURPHY, 
FRANK E. HARTLEY. 
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To all whom it. may concern: 

Be it known that T, NIKOLA 'TESLA, from 
Smiljan, Lika, border country of Austria-Hun- 
gary,and residing in the city, county, and State 
of New York, have invented certain new and 


useful Improvements in the Transmission of 
Power, of which the following isa specification, | of my invention. 


reference being had to the drawings accom- 

panying and forming a part of the same. 
This application is a division of an applica- 

tion filed by me October 12, 1887, No. 252,132. 
The practical solution of the problem of the 


chanical energy involves certain requirements 








tages, and the mode of its construction and 


operation will be described more in detail by 
reference to the accompanying diagrams and 
drawings. | 


Figures1to 8 and 1? to 85, inelusive, are dia- ` 


grams illustrating the principle of the action 
The remaining figures are 
views of the apparatus in various forms by 
means of which the invention may be carried 
iuto effect, and which will be described in their 
order. ` 
Referring first to Fig. 9, which is a dia- 
grammatic representation of a motor, a gen- 
erator, and eonnecting-cireuits in accordance 


electrical conversion and transmission of me- | 
| 


which the apparatus and systems heretofore : with my invention, M is the motor, and G 
employed have not been capable of fulfilling. | the generator for driving it. The motor com- 
Such a solution primarily demands a uni- | prises a ring or annulus, R, preferably built . 
formity of speed in the motor irrespective of | up of thin insulated iron rings or annular 
' its load within its normal working limits. On | plates, so as to be as susceptible as possible to 


the other hand, it. is necessary, to attain a 
greater economy of conversion than has here- 
tofore existed, to construct eheaper and more 
reliable and simple apparatus, and such that 
all danger from the use of currents of high 


transmission, may be avoided. 

My present invention is a new method or 
mode of effecting the transmission of power 
by electrical agency, whereby many of the 

» present objections are overcome and great 
cconomy and efficiency secured. 

In carrying out my invention I employ a 
motor in which there are two or more inde: 
pendent energizing-circuits, through which I 

; pass, in the manner hereinafter described, al- 
ternating currents, effecting thereby a progres- 
sive shifting of the magnetism or of the “‘lines 
of force,’’ which, in accordance with well-known 


variations in itsmagneticcondition. Thisring - 
is surrounded by four coils of insulated wire 
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symmetrically placed and designated by CCC ` 


C. ‘The diametrically-opposite coils are con- 
nected up soas to co-operatein pairs in produc- 
ing free poles on diametrically-opposite parts 
of the ring. The four free ends thus left are 


Near the ring, and’ preferably inside of it, 
there is mounted on an axis or shaft a mag- 
netic disk, C, generally circular in shape, but 
having two segments, cut away as shown. 
This disk is mounted so asto turn freely within 
the ring R. The generator G is of any ordi- 
nary type, that shown in the present instance 
having field-magnets № Запа a cylindrical ar- 
mature-core, A, wound with the two coils B | 
B’. The free ends of each coil are carried 


85 


- : : : 1 
, tension, which are necessary to an economical 


through the shaft @ and connected, respect- . . 
ively, to insulated contact-rings b 5 0 b’. Any до 
convenient form of collector or brush bears on 


theories, produces the action of the motor. 
› . It is obvious thata proper progressiveshift- | 
ing of the lines of force may be utilized to set | each ring and forms a terminal by which the 
up a movement or rotation of either element 
of the motor, the armature, or the field-magnet, 
and that if the currents directed through the 
5 Several circuits of the motor are in proper di- 
rection no commutator for the motor will be 
required; but to avoid all the usual commu- 
tating appliances in the system I connect the | 
motor-cireuits directly with those of a suitable 
9 alternating-current generator. The practical 
. results of such a system, its economical advan- 


‘connected to terminals T T T T, as indicated. 
спггейі to and from a ring ìs conveyed. These ` 
terminals are connected to the terminals of the 
motor by the wires L and L/ in the manner in- 96. 
dicated, whereby two complete circuits are. ` 
formed, one including, say, the coils B of the 
generator and C-C of the motor and the other 
the remaining coils B’ and C’ C’ of the деп. 
erator and the motor. 
It remains now to explain the mode of op- 
eration of this system, and for this purpose I ` 


хл 


І 


о 


20 


25 


30 


35 


45 


50 


refer to the diagrams, Figs. 1 to 8 and 1° to 8", 
for an illustration of the various -phases 
through which the coils of the generator pass 
when in operation, and the corresponding and 
resultant magnetic changes produced in the 
motor. The revolution of the armature of the 
generator between the field-magnets N 8 ob- 
viously produces in the coils B B’ alternating 
currents the intensity and direction of which 
depend upon well-known laws. In the posi- 
tion of the coils indicated in Fig. 1 the current 
in the coil B is practieally nil, whereas the 
coil B' at the samé time is developing its 
maximum current, and by the means indicated 
iu the description of Fig. 9 the cireuitinclud- 
ing this coil may also include, say, tlie eoils O 
C. of the motor, Fig. 1°. The result, with the 
proper connections, would be the magnetiza- 
tion of the ring R, the poles being on the line 
NS. The same order of connections being 
observed between the coil B and the coil С, 
the latter when traversed by a current tend to 
fix the poles at right angles to the line N 8 of 
Fig. 1^. It results, therefore, that when the 
generator-coils have made one-eighth of a re- 
volution, reaching the position shown in Fig. 
2, both pairs of coils, C and C’, will be trav- 
ersed by current and act in opposition in so 
far as the location of the poles is concerned. 
The position of the poles will therefore be the 
resultant of the magnetizing forces ofthe coils— 
that is to say, it will advance along the ring to 
a position corresponding to one-eighth of the 
revolution of the armature of the generator. 
In Fig. 3 the armature of the generator has 
progressed to one-fourth of a revolution. At 
the point indicated the eurrent in the coil B 
is maximum, while in B’ it is nil, the latter 
coil being in its neutral. position. The poles 


' of the ring R in Fig, 3* will in consequence be 


shifted to a position ninety degrees from that 
at the start, as shown.. I havein like manner 
shown the conditions existing at each succes- 
sive eighth of one revolution in the remaining 
figures. A short reference to these figures will 
suffice to. an understanding of their. signifi- 
cance. . : . i 
Figs. 4 and 4* illustrate the conditions whic 
exist.when the generator-armature has coth- 
pleted three-eighths of a revolution. . Here 
both coils are generating currents; but the coil 
В, having now-entered the opposite field, is 
generating a current in the opposite direction 


: having the opposite magnetizing effect; hence 
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the resultant pole will be on the line N S, as 
shown. - : е. 

. In Fig. b one-half of one revolution of the 
armature of the generator has been completed, 
and the resulting magnetic condition of the 
ring is shown in Fig. 5°.. In this phase coil B 
is in the neutral position, while coil B’is gen 


erating its maximum current, which is in the 
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same direction as in Fig. 4. .The poles will 
consequently be shifted through one half of 
the ring. ` z . 

In Fig. 6 the armature has completed. five- 


eighths of à revolution. In this position coil. 
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B' develops a less powerful current, but in the 
same direction as before. The coil B, on the 


_other hand, having entered a field of opposite 


2 а = TITA 
А = H —H— : 


polarity, generates a current of opposite di- 
rection. The resultant poles will therefore be 
in the line N 8, Fig. 6°; or, ii other words, 
the poles of. the ring will be shifted along five- 
eighths of its periphery. 

Figs. 7 and 7* in the same manner illustrate 
the phases of the generator and ring at three- 
quarters of a revolution, and Figs. 8 and & 
the same at seven eighths of'a revolution of 
the generator-arniature. These figures will be 
readily understood from the foregoing. : 

Whenacomplete revolution isaccomplished, 
the conditions existing at the start are re-es- 
tablished, and the same action is repeated for 
the next and all subsequent revolutions, and in 
general it will now be seen that every revola- 
tion of the armature of the generator produces 
a corresponding shifting of the poles or lines. 
of force around the ring. This effect I utilize 
in producing the rotation.of a body or arma- 
ture in a variety of ways—for example, apply- 
ing the principle above described to the appa- 
ratus shown in Fig. 9. The disk D, owing to 
its tendeney to assume that position in which 
it embraces the greatest possible number of the 
magnetic lines, is set in rotation, following the 
motion of the lines or the points of grentest 
attraction. m . 

The disk D in Fig. 9 is'shown as cat away 
on opposite sides; but this I have found is not 
essential to effecting its rotation, as a cireular 
disk, as indicated by dotted lines, is also set 
in rotation. This phenomenon [I attribute to 
a certain inertia or resistance inherent in the 
metal to the rapid shifting of the lines of force 
through the same, which results in à cóntinu-- 
ous tangential pull upon the disk, causing its 
rotation. This seems to be confirmed by the 


fact that a circular disk of steel is niore effect- 


ively rotated than one of soft iron, for the rea- 
son that the former is assnmed to possesa a 
greater resistance to the shifting of the mag- 
netie lines. oe - ' 

Tn illustration of other forms of apparatus. 
by means of which I carry out my invention, 


‘I shall now describe the remaining figures of 


the drawings. ` 


Fig. 10 ig'a view in elevation and part ver- 
tical section.ofa motor. Fig. 12 is a top view 
of the same with the field in- seetion and a 
diagram of connections. Fig. 11 is an end or 
side view of a generator with the fields in seo- 
tion. This form of motor may be used in place 
of that shown. uos | 
^.Disacylindrical or druin armature-core, 
which, for obvious reasons, should be split up 
as far as practicable to preventthe circulation 
within it of currents of induction... The core 
is wound longitudinally with two coila, E and 
E',the ends of which are réspectively con- 
nected to insulated contact-rings d d.d' d, car- 
ried by the shaft a, upon which the armatare 
is mounted. “ . 
"The armature is.set to revolve within an 
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iron shell, R, which constitutes the field-mag- 


. 


IO 


20 


net or other element of the motor. This shell 
is preferably formed with a slot or opening, r; 
but it may be continuous, as shown by the 
dotted lines, and in this event itis preferably 
made of steel. It is also desirable that this 
shell should be divided up Similarly to the 
armature,and for similar reasons. - As a gen- 
erator for driving this motor, I may use the 
device shown in Fig. 11. This represents an 
annular or ring armature, A, surrounded by 
four coils, F F F F, of which those diamet- 
rieally opposite are connected in Series, so 
that four free ends are left, which are con- 
nected to the insulated contact-rings b b V b. 
The ring is suitably mounted on a shaft, a’, 
between the poles N S. The eontact-rings of 
each pair of generator coils are connected to 
those of the motor, respectively, by means of 
contact-brushes aud the two pairs of conduct- 


_ors, L L and L/ L/, as indicated diagrammat- 
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jeally in Fig. 13. . 


Now, it is obvious from a consideration of 


the preceding figures that the rotation of the 


generator-ring produces currents in the coils- 


F F, which, being transmitted to the motor- 
coils, impart to the core of the latter magnetic 
poles constantly shifting or whirling around 
the core. This effect sets up a rotation of the 
armature, owing tothe attractive force bet ween 
the shell and the poles of the armature; but 
inasmuch as the coils in this case move rela- 
tively to the shell or field-magnet the move- 
ment.of the coils is in the opposite direction 


§ to the progressive shifting of the poles. 


Other arrangements of the coils of both gen- 
erator and motor are possible, and a greater 
number of circuits may be used, as will be 
seen in tlie two succeeding figures, 

Fig. 13 is a diagrammatic illustration of a 
motor and a generator connected and con- 


_ 8tracted in accordance with my invention. 
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Fig. 14 is an end view of the generator with 
its field-magnets in section. - 

The field of the motor M is produced by six 
magnetic poles, G’ G’, secured to or projecting 
from a ring or frame, H. These magnets or 
poles are wound with insulated coils, those 
diametrically oppogiteto each other being con- 
nected in pairs,so as to produce opposite poles 
in each pair. This leaves six free ends, which 
are connected to the terminals T T T T T T. 
The armature which is mounted to rotate be- 
tween the poles isa cylinder or disk, D, of 
wrought-iron, mounted on the shaft a. Two 
segments of the same are eut away, as shown. 
The generator for this motor hasin this in- 
stance an armature, A, wound with three 


` ` coils, K K’ K”, at sixty degrees apart. The 
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ends of these coils are connected, respectively, 
to insulated contact rings e e e'e e” e”; These 
rings are connected to those of the motor in 
proper ozder by means of collecting-brushes 
and six wires, forming three independent cir- 
cuits. The variations in the strength and di- 
rection of the currents transmitted through 


. terminals £ t # 7. 


‘view of such-a motor. 


3 


motor produce a steadily-progressive shifting 
of the resultant attractive force exerted by the 
poles G' upon the armature D, and conse- 
quently keep the armature rapidly rotating. 
The peeuliar advantage of this disposition is 
in obtaining a more concentrated and power- 
ful field. The.application of this principle to 
systems involving multiple circuits generaliy 
will be understood from this apparatus. 
Referring now to Figs. 15 and 16, Fig. 15 is 
a diagrammatic representation of a modified 
disposition of my invention. Fig. 16 is a hori- 
zontal cross-section of the motor. In this ease 
a disk, D, of magnetic metal, preferably cut 
away at opposite edges, as shown in dotted 
lines in the figure, is mounted so as to turn 
freely inside two stationary coils, N' N", placed 
at right angles to one another. The coils are 
preferably wound on a frame, O, of insulating 
material, and their ends are connected tothe 
fixed terminals TTT’ T’. The generator G is 
a representative of that class of alternating- 
current machines in which a stationary in- 
duced element is employed. Thatshown con-- 
sists of a revolving permanent or electro-mag-. 
net, A, and four independent stationary mag- 
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nets, P P', wound with coils, those diamet- 


rically opposite to.each other being connected 
in series and having their ends secured to the 
From these terminals the 
currents are led to the terminals of the motor, 
as shown in the drawings. The mode of op- 
eration is substantially the same as in the pre- 
vious cases, the currents traversing the coils 
of the motor having the effect to turn the disk 
D. This mode of carrying out the invention 
has the advantage of dispensing with the slid- 
ing contacts in the system. | 

In the forms of motor above described only 
one of the elements--the armature or the field- 
magnet—is provided with energizing-coils. It 
remains, then, to show. how both elements may 
be wound with coils. Reference is therefore 
had to Figs. 17, 18, and 19. Fig. 17 isan end 
Fig. 18 is a similar 
view of the generator, with the field-magnets 
in section; and Fig. 19 is a diagram of the cir- 
euit-connections. In Fig. 17 the field-magnet 
of the motor consists of a ring, R, preferably. 
of thin insulated iron sheets or bands, with 
eight pole-pieces, G, and corresponding- re- 
cesses in which four pairs of coils, V, are 
wound. The diametrically-opposite pairs of 
coils.are connected in.series and the free ends 
connected to four terminals, w, the rule tø be 
followed in connecting being the same as here- 
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inbeforeexplained.. Anarmature,D,with two ` 


coils, E E’, at right angles to each other, is 
mounted to rotate inside of the field-maguet 
R. The ends of the armature-coils are con- 
nected to two pairs of contact-rings, 444 4. 
The generator for this motor may be of any 
suitable kind to: produce currents of the de- 
sired character. In the present instance it 
consists of a field-magnet, N S, aud an arma- 
ture, A, with two coils at right angles, the 


these circuits and traversing the coils of the | ends of which are connected te four contact: 
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rings, 5} 0’ b’, carried by its.shaft. The cir- 
euit-connections are established between. the 
rings on the generator-shaft and those on the 
motor-shaft by collecting brushes and wires, as 
previously explained. In order to properly 
energize the field-magnet of the motor, how- 
ever, the connections are so made with the 


‘armature-coils by wires leading thereto that: 


while the points of greatest attraction or great- 
est density of magnetic lines of force upon the 
armature are shifted in one direction those 


' upon the field-magnei are made to progressin 
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an opposite direction. In other respects the 
operation is identically the same. as in the 
other cases cited. This arrangement results 
іп an increased speed of rotation. 

їй Figs. 17 and 19, for example, the terminals 
of each set of field-coils are connected with the 
wires to the two armature-coils in sucha way 
that the field-coils will maintain opposite poles 
in advance of the poles of the armature. 

In the drawings the field-coils are in shunts 
to‘the armature; but they may be in series or 
jn independent circuits. 

It is obvious that the same principle may 


be applied to the-various typical forms of mo- 


tor hereinbefore described. 

Having now described the nature of my in- 
vention and some of the various ways in which 
it is or may beearried into effect, T would call 
attention to certain characteristics which the 
applications of the invention possess, and the 
advantages which ib offers. 

In my motor, considering, for convenience, 
that represented in Fig. 9, it will be observed 
that since the disk D has a tendency to follow 
continuously the points of greatest attraction, 


and since these points are shifted around the | 


ring once for each revolution of the armature 
of the generator, it follows that the move- 
ment of the disk D will be synchronous with 
that of the armature A. This feature by 
practical demonstration I haye found to ex- 
ist in all other forms in which one revolution 
of the armature of the' generator produces a 
shifting of the poles of the motor through 
three hundred and.sixty degrees. | 

In the particular modification shown in Fig. 
15, or in others constructed on asimilar plan, 
the number of alternating impulses resulting 
from one revolption of the generator-armature 
is double as compared with the preceding 
cases, and the polarities in the-motor are 


. shifted:around twice by one revolution of the 
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generator-armature,”. ‘The speed of the motor 


will therefore be twice that of the generator. 
The same result is evidently obtained by such 
a disposition as that;shown in Fig. 17, where 
thé poles of both elements are shifted in op- 
posite díréetions. ^. — DL 7 

Again,copsidering the apparatus illustrated 
by Fig. 9 as typical of the iuvention, itis ob- 
vious that since the attractive effect upon the 
disk Disgreatest when the disk is in its proper 


relative position to the poles developed in the 


ring R—that is to say, when its ends or poles: 


immediately follow. those of the ring—the 
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speed of the motor for all loads within the 
normal working limits of the motor will be 
practically constant. | 

It is clearly apparent that the speed can 
never exceed the arbitrary limit as determined 
by the generator, and also that within certain 
limits, at least, the speed of the motor will be 


independent of the strength of the current. 


Ib will now be more readily seen from the 
above deseription how far the requirements of 


-a practical system of electrical transmission 


of power are realized in my invention. Ise- 
cure, first, a uniform speed under all loads 
within the normal working limits of the mo- 
tor without the use of any auxiliary regula- 
tor; second, synchronism between the motor 
and the generator; third, greater efficiency by 
the more direct application of the current, no 
commutating devices being required on either 
the, motor or the generator; fourth, cheapness 
and simplicity of mechanical construction; 
fifth, the capability of being very easily man- 
aged or controlled, and, sixth; diminution of 
danger from injury to persons and apparatus. 

These motors may be run in series— multi- 
ple arc or multiple series—under conditions 
well understood by those skilled in the art. 

I am aware that it is not new to produce the 
rotations of a motor by intermittently shifting 
the poles of one of itselements. This has been 
done by passing through independent ener- 
gizing-coils on one of the elements the cur- 
rent from a battery or other source of direct 
or continuous currents, reversing ,such cur- 
rent by suitable mechanical appliances, so that 
it is directed through the. coils in alternately 
opposite directions. In such easés, however, 
the potential of the energizing- currents re- 
mgins the same, their direction only being 


changed. According to my invention, how- 


ever, I employ true alternating. currents; and 
my invention consists in the discovery of the 
mode or method of utilizing such eurrents. 
The difference between the two plans and 
the advahtages of mine are obvious. By pro- 
ducing an alternating current each impulse | 
of whieh involves a rise and fall of potential 
I reproduce in the motor the exact conditions 
of the generator, and by such currents and the | 
consequent production of ‘resultant poles the 
progression of the poles will be continuous 
and not intermittent. In addition to this,the 
practical difficulty of interrupting or revers- 
ing a current of any considerable strength is 
such that none of the devices at present could 
be made to economically or practically effect 
the transmission of power by reversing in the 


‘manner described a continuous or direct cur- 


renti. Inso far,then,as the plan of acting upon | 
one element of the motor is concerned, my in- 
vention involves the use of an alternating as 
distinguished from'a reversed current, or a cur- 
rent which, while cofitinuous and direct, is 
shifted from coil to coil by any form of com- 
mutator, reyerser, or interrupter. With re- 
gard to that part of the invention which con- 
sists.in acting upon both elements of the motor 
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simultaneously, I regard the use of either al-.] polarities of either or both elements (the arma- ro 
ternating or reversed currents ав within the | ture or field magnet or magnets) of a motor by 
веоре оѓ Ше invention, although I do not con- developing alternating. currents in independ- 
aider the use of reversed currents of any prae- | ent circuits, including the magnetizing-coils of 
5, tical importance. . ‘ either or both elements, as herein set forth. 
What I claim is— | . . NIKOLA TESLA. 
The method herein described of electrically "Witnesses: NE 
transmitting power, which consists in produc- FRANK B. MURPHY, ` 
ing a eontinuously-progressive shifting of the FRANK E. HARTLEY. 2 
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„То all whom tt may concern: Ut 
Be it known that I, NtXoLA TESLA, from 

Smiljan, Lika, border country of Austria-Hun- 

gary, and residing in the city, county, and 
5 Btate of New York, bave invented certain new 

and useful Improvementsin the Electric Trans- 
mission of Power, of which the following is a 
specification, this application being a divisiou 
of an application filed by me November 30, 
1887, Serial No. 256,562. 

In a previous 2pplieation filed by me—viz., 
No. 252,132, filed October 12, 1887—I have set 
forth an improvement in motors and ib the 
mode or method of operating the same, which, 
generally stated, consists in progressively and 
continuously shifting the poles or lines of 
maximum magnetic effect of either the field. 
magnets or armature, or both, of a motor, and 
thereby producing a movement of rotation in 
the motor. The means which I have shown 

‘for effecting this, while varying in detail, are 

9sxerolified in the following system, which, for 
present purposes, it will be sufficient to con- 
wider asa typical embodiment of the inven- 
tion. . 

The motor is wound with coils forming in. 
dependent energizing-cireuits on the arma- 
ture, which is a cylinder or disk mounted to 
rotate between two opposite magnetic poles. 
These coils are connected up with correspond- 
ing induced or current-produücing circuits in 
an slternating-current generator. Asa result 
of this, when the generator is seb in motion, 
currents of alternately-opposite direction are 
directed through the energizing-coils of the 
motor in such manner as to produce a pro- 
gressive shifting or rotation of the magnetic 
poles of the motor-armature. This movement 
of the poles of the armature obviously tends to 

> rotate the armature in the opposite direction 
to that in which the movement of the poles 
takes place, owing tò the attractive foree be- 
tween said poles and the field-magnets, and the 
speed of rotation increases from the start un- 
til it eguals that of the generator, supposing 
both motor and generator fo be alike. · 

As the magnetic poles of the armature are 
ghifted in a direction opposite to that in which 
the armature rotates, it will be apparent that 
5o when the normal speed is attained the poles of 
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(No model.) 


the armature will assume a fixed position rela: 
tively to the field-magnets, and that in conse: 
quence the field. magnets will be energized by 
magnetic induetion, exhibiting two distinct 
poles, ote on each of the pole-pieces. In start- 
ing the motor, however, the speed of the ar- 
mature being comparatively slow, the pole- 
pieces are subjected to rapid reversals of mag- 
netic polarity; but as the speed increases these 


‘reversals become less and less frequent and 60 


finally cease, when the movement of the arma- · 
ture becomes synchronous with that of the 
generator. This being the case, the field-cores 
or the pole-pieces of the motor become a mag- 
net, but by induction only. i 65. 

I have found that advantageous results are 
secured by winding the field- magnets with a 
coil or coils and passing a continuous current 
through them, thus maintaining a permanent 
field, and in this feature my present invention 70 
consists. s 

Ishall now describe the apparatus which Y 
have devised for carrying ont this invention 
and explain the mode of using or operating 
the same. | 

Figure 1 is an end view in elevation of my 
improved motor. Fig. 2 isa part horizontal 
central section, and Fig. 3 is .a diagrammatic 
representation of the motor and generator 
combined and connected for operation. | 

Let A Ain Fig. 1 represent the legs or pole: 
pieces of a field-magnet, around which are 
coils B B, included in the circuit of a continu- 
ous-current generator, C, which is adapted to. 
impart magnetism to the said poles in the or- 85 
dinary manner. 

D D’ are two independent coils wound upon 
a suitable cylindrical or equivalent armature- 
core, which, like all others used in a similar 
manner, should be split or divided: up into go 
alternate magnetic and insulating parts in the 
usual way. This armature is mounted in non- 
magnetic cross-bars E E, secured to the poles 
of the field-magnet. Тһе terminals of the ar- 
mature-coils D D’ are connected to insulated 9§ 
sliding contaot rings a a b b, carried by the 
armature-shaft, and brushes c o bear upon 
these rings to convey to the coils the currents 
which operate tbe motor. 

The generator for operating thismotor is or 


8o 


сл 


ло 


ї 


л 


20 


2 


сл 


30 


3 


сл 


40 


may be of precisely identical Construction, 
and for convenience of reference I have marked 
in Fig. 3 its parts, as follows: F F, the field- 
magnets energized by a continuous current 
passing in its field-coils G G; HH’, the coils 
carried by the cylindrical armature; d d e e, 
the friction or collecting rings carried by the 
armature-shaft and forming the terminals of 
the armature- coils; and f f the collecting- 


brashes which deliver the currents develoned | 


in the armature-coils to the two circuits 7 y, 
which connect the generator with the motor. 

The operation of this system will be under- 
stood from the foregoing. ‘fhe action of the 
generator by causing a progressive shifting of 
the poles in the motor-armature sets up in 
the latter a rotation opposite in direction to 
that in which the poles move. Tf, now, the 
continuous enrrent be directed through the 
field-coils so as to strongly energize the mag- 
net A A, the speed of the motor, which depends 
upon that of the generator, will not beincreased, 
but the power which produces its rotation will 
be increased in proportion to the energy sup- 
plied through the coils B B. It is character. 
istic of this motor that its direction of rota- 
tion is nat reversed by reversing fhe direction, 
of the current through its field- coils, for the 
direction of rotation depends not upon the 
polarity of the field, but upon the direction 
in which the poles of the armature aro shifted. 
‘Lo reverse the motor the connections of either 
of the circuits g g’ must be reversed, 

I have found that if the field. magnet of the 
motor be strongly energized by.its coils B B, 
and the circuits through the armature-coils 
closed, assuming the generator to be running 
ab a certain speed, the motor will not start; 
but if the field be but slightly energized, or in 
general in such condition that the magnetic 
influence of the armature preponderates in de- 


‘termining its magnetic condition, the motor 


45 


will start, and with sufficient current will 
reach its maximum or normal speed. For 
this reason it is desirable to keep at the start, 
and until the motor has attained its normal 
speed, or nearly so, the field-circuit open, or 
to permit but little current to pass through it. 
I have found, however, if the fields of both the 
generator and motor be strongly energized 
that starting the generator starts the motor, 
and that the speed of the motor is increased 
in synchronism with the generator, 
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Motors constructed and operated on this 
principle maintain almost absolutely the same 
speed for all loads within their normal work. 
ing limits, and in practice I have observed 
that if the motor be overloaded to such an ex- 
tent as to check its speed the speed of the 
generator, if its motive power be not too great, 
is diminished synchronously with that of the 
motor, 

T have jn other applications shown how the 
construction of these or similar motors may be 
varied in certain well-known ways—as, for in- 
‘stance, by rotating the field about a station- 
ary armature or rotating conductors within 
the field—but I do not illustrate these features 
| further herein, as with the-illustration which 

Ihavegiven I regard the rest as within the 
power of a person skilled in the art to con- 
struct. . 

I am aware that a device embodying the 
characteristics of a motor and baving a per- 
manently-magnetized field-magmet has been 
operated by passing through independent coils 
on its armature a direct or continuous current 
in opposite directions. Such a system, how- 
ever, I do not regard as capable of the prac- 
tical applications for which my invention is 
designed, nor is it the same in principle or 
mode of operation, mainly in.that the shifting 
of the poles is intermittent and not contin `- 
ous, and that tbere is necessarily involved a 
waste of energy. | 2. 

In my present application I do not li mit my- 
self to any special form of motor, nor of the 
means for producing the alternating currents 
as distinguished from what are called “те. 
versed currents,” and I may excite or energize 
the field of the motor and of the generator by 
any source of current which will produce the 
desired result. 

What I claim is— 

‘The method herein described of transmit- 
ting power by electro-magnetic motors, which 
consists in continnously and progressively 
shifting the poles of one element of the motor 
by alternating currents and magnetizing the 
other element by a direct or continuous cur- 
rent, as set forth. С 


NIKOLA TESLA. 


Witnesses: 
FRANK B. MURPHY, 
FRANK E. HABTLEY, 
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To all whom it may concern: machines, including the combined motors and 
Be ib known that I, NIKOLA TESLA, from | generators, have been devised. For instance, 
Smiljan, Lika, border country of Austria-Hun- | a motor is constructed in accordance with well- 
gary, and now residing at New York, in the | understood principles, and on the same arma- 55 
5 county and State of New York, have invented | ture are wound induced coils which constitute 
certain new and useful Improvements in Meth- | a generator. The motor-coils are generally of 
ods of Converting and Distributing Electric | fine wire and the generator - coils of coarser 
Currents, of which the following is a specifica- | wire, so as to produce a current of greater 
tion, this application being a division of anap- | quantity and lower potential than theline-eur- 60 
IC plication filed by me December 23, 1887, Serial | rent, which is of relatively high potential to ' 
No. 258,781. avoid lossinlong transmission.  Asimilarar- 
This invention relates to those systems of | rangement is to wind coils corresponding to 
electrical distribution in which a current from | those described on a ring or similar core, and 
a Single source of supply in a main or trans- | by means of a commutator of suitable kind to 65 
r5 mitting circuit is caused to induce, by means | direct the current through the inducing-coils 
‘of suitable induction apparatus, a current or | successively, so as to maintain a movement of 
currents in an independent working circuit or | the poles of the core or of the lines of force 
circuits. which set up the currents in the induced coils. 
The main objects of the invention are the Without enumerating the objections to these 70 
20 same as have been heretofore obtained by the | systems in detail, it will suffice to say that the 
use of these. systems—viz., to divide the cur- | theory or the principle of the action or oper- 
rent from a single source, whereby a number | ation of these devices has apparently been so 
of lamps, motors, or other translating devices | little understood that their proper construc- 
may be independently controlled and operated | tion and use have, up to the present time, been 75 
25 by the same source of current, and in some | attended with various diffieulties and great ex- 
cases to reduce a current of high potential in | pense. The transformers are very liable to be 
the main circuit to one of greater quantity and | injured and burned out, and the means resorted 
lower potential in the independent consump- | to for curing this and other defects have in- 
tion or working circuit or circuits. variably been at the expense of efficiency. І 80 
зо The general character of the devices em- | havediscovered amethod of conversion and dis- 
ployed in these systems is now well understood. | tribution, however, which is not subject tothe 
An alternating - current magneto-machine is | defects and objections to which I have alluded, 
used as a source of supply. The current de- | and which is both efficient and safe. Isecure 
veloped thereby is conducted through a trans- | by iċ a conversion by true dynamic induction 85 
35 mission-circuit to one or more distant points, | under highly efficient conditions and without 
at which the transformers are located. These | the use of expensive or complicated apparatus 
consist of induction-machines of various kinds. | or moving devices, which in use wear out and 
In some cases ordinary forms of induction- | require attention. This method consists in 
coil have been used with one coil in the trans- | progressively and continuously shifting the 
40 mitting-cireuit and the other in à local or con- | line or points of maximum effect in an induct- 
` sumption circuit, the coils being differently | ive field across the convolutions of a coil or 
‘proportioned, according to the work to be | conductor within the influence of said field 
done in the consumption-cireuit—that is to | and included in or forming part of a second- 
Say, if the work requires a current of higher | ary or translating circuit. . 
45 potential than that in the transmission-circuit In carrying out my invention I provide a 
the secondary or induced coil is of greater | series of inducing-coils and corresponding in- 
length and resistance than the primary, while, | duced coils which, by preference, I wind upon 
on the other hand, if a quantity current of | a core closed upon itself--such as an annulus 
lower potential is wanted, the longer coil is | or ring—stibdivided in the usual manner. The roo 
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so made the primary. In lieu of these devices | two sets of coils are wound side by side or su- - 
various forms of electro-dynamic induction: | perposed or otherwise placed ih well-known — 





IO 


15 


25 


30 


35 


40 


45 


60 


65 


ways to bring them into the most effective re- 
lations to one another and to the core. The 
inducing or primary coils wound on the core 
are divided into pairs or sets by the proper 
electrical connections, so that while the coils 
of one pair or set co-operate in fixing the mag- 
netic poles of the core at two given diametric- 
ally-opposite points the coils of the other pair 
or set—assuming, for the sake of illustration, 
that there are but two—tend to fix the poles 
at ninety degrees from such points. With this 
induction device I use an alternating-current 
generator with coils or sets of coils to` corre- 
spond with those of the converter,and by means 
of suitable conductors I connect up in inde- 
pendent circuits the corresponding coils of the 
generator and converter. It results from this 
that the different electrical phases in the gen- 
erator are attended by corresponding magnetic 
changes in the converter; or, in other words, 
that as the generator-coils revolve the points 
of greatest magnetic intensity in the converter 
will be progressively shifted or whirled around. 
This principle I have applied under variously 
modified conditions to the operation of elec- 
tro-magnetic motors, and in previous applica- 
tions—notably in those having serial numbers 
252,182 and 256,561—I have described in de- 
tail the manner of constructing and using such 
motors. 

In the present application my object is to 
describe the best and most convenient manner 
of which I am at present aware of carrying 
out the invention as applied to a system of 
electrical distribution; but one skilled in the 
art will readily understand, from the deserip- 
tion of the modifications proposed in said ap- 
plications, wherein the form of both the gener- 
ator and converter in the present case may be 
modified. In illustration, therefore, of the dc- 
tails of construction which my present inven- 
tion involves, I now refer to the accompanying 
drawings., 

Figure 1 isa diagrammatic illustration of 
the converter and the electrical connections of 
the same. Fig. 2 is a horizontal central eross- 
section of Fig. 1. Fig. 3 is a diagram of the 
circuits of the entire system, the generator 
being shown in section. 

I use a core, A, which is closed upon itsel£— 
that is to say, of an annular, cylindrical, or 
equivalent furm—and as the efficiency of the 
apparatus is largely increased by the subdi- 
vision of this core I make it of thin strips, 
plates, or wires of soft iron electrically insu- 
lated as far as practicable. Upon this core, by 
any well-known method, I wind, say, four coils, 
B B B' B', whieh I use as primary coils, and 
for which I uselong lengths of comparatively 
fine wire. Over these coils I then wind shorter 
coils of coarser wire, O © C C’, to constitute 
the induced or secondary coils, The construc- 
tion ofthis or any equivalent form of converter 
may be carried farther, as above pointed out, 
by inclosing these eoils with iron—-as, for ex- 
ample, by winding over the coils a layer or 
layers of insulated iron wire. | 
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'The device is provided with suitable bind- 
ing-posts, to which the ends of the coils are 
led. The diametrically-opposite coils B Band 
B’ B’are connected, respectively, in series, and 
the four terminals are connected to the bind- 
ing-posts 12 34. The induced coils are con- 
nected together in any desired manuer. For 
example, as shown in Fig. 3, C C may be con- 
nected in multiple are when a quantity eur- 
rent is desired—as for running a group of in- 
candescent lamps, D—while ©’ C’ may be in- 
dependently connected in series in a eireuit 
including are lamps D’, or the like. 

The generator in this system will be adapted 
to the converter in the manner illustrated. 
For example, in the present case I employ a 
pair of ordinary permanent or electromagnets, 
E E, between which is mounted a eylindrical 
armature on a shaft, P, and wound with two 
coils, GG’. The terminals of these coils are 
connected, respectively, to four insulated con- 
tact or collecting rings, H H W IP, and the 
four line-circuit wires L connect the brushes 
K bearing on these rings to the converter in the 
ordershown. Noting the results of this combi- 
nation, it will be observed that ata given point 
of time the coil G is in its neutral position and 
is generating little or no current, while the 
other coil, G’, isin a position where it exerts its 
maximum effect. Assuming coil G to be con- 
nected in circuit with coils B B of the converter 
and coil G’ with coils B’ B’, it is evident that 
the poles of the ring A will be determined by 
coils B’ B’ alone; but as the armature of the 
generator revolves, coil G develops more cur- 
rent and coil G' less until G reaches its maxi- 
mum and G’its neutral position. The obvious 
result will be to shift the poles of the ring A 
through one quarter of its periphery. ‘The 
movement of the coils through the next quar- 
ter of aturn,during which coil G’ enters a field 
of opposite polarity and generates a current 
of opposite direction and increasing strength, 
while coil G is passing from its maximum to 
its neutral position, generates a eurrent of de- 
creasing strength and same direction as be- 
fore, and causes a further shifting of the poles 
through the second quarter of the ring. The 
second half-revolution will obviously be a 
repetition of thesameaction. By the shifting 
of the poles of the ring A a power-dynamie in- 
ductive effect on the coils O © is produced. 
Besides the currents generated in the second- 
ary coils by dynamo-magnetic induction, other 
currents will be seb up in the same coils in 
consequence of any variations in the intensity 
of the poles in the ring A. This should be 
avoided by maintaining the intensity of the 
poles constant, to accomplish which care should 
be taken in designing and proportioning the 
generator and in distributing the coils in the 
ring A and balancing their effect. When this 


is done, the currents are produced by dynamo- 
magnetic induction only, the same result be- 
ing obtained as thongh the peles were shifted 
by a commutator with an infinite number of 
segments. | 
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The apparatus by means of which this 
method of conversion is or may be carried out 
may be varied almost indefinitely. The spe- 
cific form which I have herein shown I regard 
as the best and most efficient, and in another 
application I have claimed it; but I do not 
limit myself herein to the use of any particu- 
lar form or combination of devices which is or 
may be capable of effecting the same result in 
a similar way. 

What I claim is— 

_ 1. The method of electrical conversion and 
distribution herein described, which consists 
in continuously and progressively shifting the 
points or line of maximum effect in an induct- 
ive field, and inducing thereby currents in 
the coils or convolutions of a circuit located 





within the inductive influence of said field, as 
herein set forth. 

2. The method of electrical conversion and 
distribution herein described, which consists 
in generating in independent circuits produc- 
ing an inductive field alternating currents in 
such order or manner as to produce by their 
conjoint effect a progressive shifting of the 
points of maximum effect of the field, and in- 
ducing thereby currents in the coils or convo- 
lutions of a cirenit located within the induct- 
ive influence of the field, as set forth. 


NIKOLA TESLA. 


Witnesses: 
FRANK B. MURPHY, 
FRANK E. HARTLEY. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, from 
Smiljan, Lika, border country of Austria-Hun- 
_ gary, at present residing in the city, county, and 
-s State of New York, have invented certain new 
and useful Improvements in Commutators for 
Dynamo- Electric: Machines and Motors, of 
which the following ia -a specification, refer- 
ence being had to the drawings accompanying 

то and forming a part of the same, D 
‘This invention relates to dynamo-elcctric 
inachines or motors, and is an improvement in 
the devices for commutating and collecting the 
епггейїз; — Uu DC w 
r5 The objects of the invention are, first, to 
avoid the sparking and the gradual wearing 
away or destruction of the commutator-seg- 
ments and brushes or collectors resulting 
therefrom; second, to obviate the necessity of 
ary readjustment of the commutator or the brushes 
or collectors and other. consequences of the 


wear of thesame; third, to render practicable - 


the construction of very large dynamo-electric 
machines and motors with the minimum num- 

25 ber.of commutator-segments, and,fourth, toin- 
crease the efficiency and safety and reduce the 
cost of the machine. | UT 07 

In carrying out my invention in a manner 

to accomplish these results I construct a coin- 

30 mutator and the eolleetors therefor in. two 
* parts mutually acapted to one another, and, so 
far as the essential features are concerned, 
alike in mechanical structure. Selecting as 
an illustration a commutator of two segments 
adapted for use with an armature the coils 
‘or coil of which have but two free ends, con- 
nected respectively to the said segments, the 
bearing-surface is the face of a disk, and is 
- formed of two metallic quadrant-scgments and 
two insulating segments of the same dimén- 
sions, and the face of the disk should be 
smoothed off, so that the metal and insulating 
_ segments are flush. ‘The part which takes the 
place of the usual brushes, or what term the 
“(“ollector, is a disk of the same character as 


35 


4o 


45 


the commutator and having a surface simi-. 


larly forined with two insulating and two me- 
talic segments. These two parts are mounted 
with their faces in contact and in sach man- 


ner that the rotation of the armature causes : 


of these segments, ) 
„are in electrical connection with the ends of 


the commutator bo turn upon the collector, 
whereby the currents induced in the coils are 


taken off by the collector-segments and thence 


conveyed off by suitable conductors leading 
from the collector-segments, : This.is the gen- 
eral plan of the construction which I have in- 
vented; Aside from certain adjuncts, the na- 
ture and functions of which will be hereinaf- 
ter set forth, this means of commutation, will 
be seen to ‘possess many important advan- 60 
tages. In the first place the short-circuiting ` 
and breaking of the armature-coil connected 
to the commutator-segments oceur at thesame 
instant, and from the natare of. the construc- 
tion this will be done with the greatest pre- 65 
cision; secondly, the duration of both the 
break and that of the short circuit will bo re- 
duced to 4 minimum, ‘The first results in a 
reduction which amounts practically to asup- 
pression of the spark, sincethe break and the 
short circuit produce opposite effects in the 
armature-coil. The second has the effect of 
diminishing the destructive effect of a spark, | 
since this would be in a measure proportioned . 
to the duration of thespark, while lessening the 
duration of the short circuit obviously in- - 
creases the efficiency of the machine... ° 
The mechanical advantages will be better 
understood by-referring to the accompanying 
drawings, in whieh— 8c 
: Figure 1 is a central longitudinal section of - 
the end of a shaft with my improved commu- 
tator carried thereon. Fig. 2 is a view of the 
inner or bearing face of the collector. Fig. 3 
is an end view. from the armature side of. à 
modified form of commutator. . Figs. 4 and 5 
are views of details of Fig. 9. Fig: 6 is a lon- 
gitudinal central section of another modifica- 
tion, and Fig. 7 isa sectional view ofthesame. : 
_ 4 is the end of the armature-shaft of a dy- 
namo-electrió machine or motor. |. O . 
‘A’ ig a sleeve of insulating material around 
the shaft, secured in place by a screw, «’,-or 
by other suitable means. Uy ЕЕ 
‘The commutator proper is in the form of @ 95 
disk which is:made up of four segments, D D' . 
GG’, similar to those shown in:Fig. 9. Two . 
as D D', are of metal and 
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the soils on thearmature. The other two seg: ICO. | 


IO 


15 


20 


- as 


30 


` 


. justed and set to the desired position. 


2 


ments are of insulating material. . The seg- | 


ments are held in place by a band, B, of in. 
sulating material. ‘The disk is held in place 


by friction or by screws, such as g'g’, Fig. 3,. 
y › g g, 1g. 9, 


which secure thé disk firmiy to the sleeve A’. 

The collector is. made in the same form as 
the commutator. It is composed of thie two 
metallic Segments BE E’ and the two insulating- 
segments F F', bound together by a band, C. 
The metallic segments ks’ are of the same or 
` practically the same width or extent as the 
insulating segments or spaces of the commu- 
tator. The collector is secured to asleeve, B’, 
by screws g g, and the sleeve is arranged to 
turn freely on the shaft A. The end of the 
sleeve B is closed by a plate, as f, upon which 
presses a pivot-pointed screw, h, adjustablein 
a spring, H, which acts to maintain the. col- 
lector iù close contact with the commutator 
and to compensate for the play of the shaft. 
Any convenient means is employed to hold 
the collector so that it may not turn with the 
shaft. . For example, I:have shown a slotted 
plate, K, which is designed to be attached to 
a stationary support, and an arm extending 
from the collector and carrying a clampiug- 
screw, L, by which the collector may be ad- 
`- J prefer in the form shown in Figs. 1 and 2 
to fit the insulating-seg ments of both commu- 
tator and collector loosely aud to providesome 
means—as, for example, light springs e e, se- 
cured to the bands A’ B’, respectively, and 
bearing against the segments—to exert a light 


35 pressure upon them and keep them in close 
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contact and to compensate for wear. . The 
metal segments of the commutator may be 
moved forward by loosening the screw a’. . 

The circuit or line wires are led from the 


thereto in any convenient manner, the plan of 
connections being shown as applied to a modi- 
fied form of the commutator in Fig. 6. "The 
commutator and the collector in thus present- 
ing two flat and smooth bearing-surfaces pre- 
‘vent-by mechanical action. the occurrence of 
Sparks, and this is more effectively accom- 
plished as.is here done—that is to say, by the 
interposition of an ‘insulating body between 
the separating plates or segments of the com- 
mutator and collector—than by any other ше: 
chanical devices of which I 4m aware. 
The insulating-segments are made of some 


hard material capable of being polished and 


formed with sharp edges. Such ‘materials as 
glass, marble, or soapstone may be advanta 
geously used. The metal segments are pref: 
erably of copper or brass; but'they may have 


. . & facing or edge of durable material--such as 
6o platinum or the like--where the sparks are 


6s parts. 


liable to-oceur. 

In Fig. 3a somewhat modified form of my 
invention is shown, a form designed to facili- 
tate the construction and replacing of the 
In this form the commutator and col- 
‘lector are made in substantially the same man- 
ner ag previously described, except that the, 


metal segments of the collector, being secured , 


| with a single armature, as will be well under- 
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bands B © may be omitted. The four seg- - 


nents of each part, however, are ‘secured to 
their respective sleeves by screws g'g', and 
one edge of ench segment is eut away, so that 
small plates « b may be slipped into the spaces 
thusformed.. Ofthese plates a « are of metal, 
and are in contact with the metal segments D 


| D',.respectively. Theother two, 6b, are of glass 


or marble, and they are all preferably square, 
as shown in Figs. £and’5, so that they may 
be. turned to present new. edges should any 
edge become worn by use. Light springs d 
bear upon these plates and. press those in the 
commutator toward those in the eollector, and 
insulating-strips c c are secured to the periph- 
ery of the disks to prevent the blocks from: 
being thrown out by centrifugal action. These 


. plates are, of course, useful at those edges of 


the segments only where sparks are liable to 
occur, and, as they are easily replaced, they 
are of great advantage. 
with platinum or silver. ^ 

In Figs. 6 and 7 is shown the construction 
which I use when, instead of solid segments, a 
fluidisemployed, Inthiscase thecommutator 


and collector are made of two insulating-disks, 


ST, and in lieu of the metal segments a space 


‘is cut out of each part, as at R R’, correspond- 


ing in shape and size to a metal segment. 
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„T prefer to coat them 
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The two parts are fitted smoothly and the col- -> 


lector. T held by the screw ^ and spring H. 
against the commutator S.. As in the other 


cages, the commutator revolves while the col- 


lector remains stationary. - The ends of the 
coils are connected te binding; posts s s, which 
are in electrical connection with metal plates 
tt within the recesses in the two parts S T. 
'These ehambers or recesses are filled with 
mercury, and in the collector part are tubes 
W W, with screws: ww, carrying springs X 
and pistons X', which compensate for the ex. 
pansion and contraétion of the mercury under 
varying temperatures, but which are suffi- 
ciently strong not to yield to the pressure of 
the fluid’ de (> centrifugal action, and which 
Serve as binding-posts. 

Tn all the above cases I have described com- 
mutators adapted for a single coil,and the de- 


vice is particularly adapted to such purposes. | 


The number of segments may be inereased, 
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however, or more than one commutator used - 


stood. ^ 

Although I haveshown the bearing-surfaces 
as planes at right angles to the shaft or axis, 
it is evident that in this particular the con- 
struction may be very greatly modified with- 
out departure from the invention. 

Without confining myself, therefore, to the 
details of construction which ave shown in 


| illustration of the invention, what I claim as 


new is— 

1. In a dynamo-electria machine, the com- 
bination, with a commutator formed with con- 
ducting terminals or segments with interyen- 
ing insulating-spaces, of a collector adapted. 
to bear upon the surface of the commutator. 
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and formed with conducting terminals or seg- | 
ments equal in extent to. the insulating-space 


between the commutator-segments,asset forth. 


2. The combination, with a commutator 
built or formed of alternate blocks or seg- 
ments of conducting and insulating material, 
of a collector adapted to bear upon the surface. 
of the commitator and formed of conducting 


. blocks or segments of a width or extent equal 


© 


| or segments of insulating material, as. de- 


to that of theinsulating-segments of the com- 
mutator and separated by interposed blocks’ 
scribed. . 

9. 'The combination, with a commutator’ 


.:5 formed as a disk with alternate terminals or 


segments of conducting and insulating ma- 
terial, of a collector similarly formed and 
mounted with its face in contact with that of 
the commutator, as set forth.‘ | 


20 .4. The combination, with a commutator hay: 


845 3 


ing a bearing-surface formed of alternate sec- 
tions of conducting and insulating material, 
of a collector with asimilar and symmetrically- 
formed bearing-surface and means for apply- 
ing spring-pressure to force the 
surfaces together, as set forth. 
5. The combination, with a commutator and 
8 collector the bearing-surfaces of which are 
identical in respect to the disposition of the 
conducting and insulating paris, of means for 30 
applying spring-pressure to maintain the two 


 bearing-surfacesin contact and means for hold- 
| ing the collector 


against rotary movement, as 
set forth, . ` 


"Signed this 2185 йау of April, 1887. 
NIKOLA TESLA. 


.. Witnesses: 


Ковт. Е. GAYLORD, 
FRANK E. HARTLEY. 
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Lo ali whom it may concern: 

Be ib known thab I, NIKOLA TESLA, a sub- 
jeet of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 

5 siding in the city, county, and State of New 
York, have invented certain new and useful 
Improvements in Systems of Electrical Dis- 


tribution, of which the following is a specif- | 


cation, reference being had to the drawings ac- 

Io companying and forming a part of the same. 
¥n previous applications tor patents made 

by me I have shown and described electrical 


systems for the transmission of power and the. 


conversion and. distribution of electrical en- 
15 ergy, in which the motors and the transformers 
contain two or more coils or sets of coils, which 
were connected up in independent circuits 
with corresponding coils ofan alternating-eur- 
гені generator, the operation of the system be- 
20 ing brought about by the co-operation of the 
alternating currents in. ihe independent cir- 
cuits in progressively moving or shifting the 
poles or points of maximum magnetic effect of 
the motors or converters. ' In these systems, 
25 as I have described them, two independent 
conduetors were employed for each of the 
independent cirenits connecting the gener- 
ator with the devices for converting the trans- 
mitted corrents into mechanical energy or 
30 into electric currents of another character; 
bnt i have found that thís is not always neces- 
sary, and that the two or more circuits may 
have a single return path or wire in common, 
vith a loss, if any, which is so extremely slight 
35 that it may be disregarded entirely, Forsake 


of illustration, if the generator have bwo in- 


dependent eoils and the, motor two coils or 
two sets of eoils.in corresponding relations to 
its operative elements one terminal of each 
40 generator-eoil is connected to the eorrespond- 
ing terminals of the motor coils through two 
independent conductors, while the opposite 
terminals of the respective coils are both con- 
nected to one return: wire. | 
This invention is applicable to my system 
in various ways, as will be seen by reference. 
to the drawings, in which— 
Figure 1 is a diagrammatic illustration of a 
generator and single motor constructed and 


45 


so electrically connected in accordance with the 


i 





| B. 


inveniion. Pig. 2 isa diagram of the system 
as it is used in operating motors or converters, 
or both, in parallel or multiple are. Fig. 3 
illustrates diagrammatically the manner of 
operating two or more motors or converters,or 55 
both, in series. | 

Is is obvious that for purposes of this inven- 
tion motors or transformers, which may beall 
designated as ‘‘ converters,” are the same,and 
that either or both may be operated by the бо 
same system or arrangemen? of cireuits. - 

Referring to Fig. 1, A A designate the poles 
of thé fleld-magacis cf an alternating-current 
generator, thé armature of which, being in 
this case cylindrical in form and mounted ona 65 
shaft, C, is wound longitudinally with coils B 
The shaft C carries three insulated. eon- 
taet-rings, & 0 c, to two of which, as 5 o, one 
terminal of each coil, as ed, is connected. The 
1enaining terminals, f g, are hoth connected. 7o 
to the third ring, a. 

A motor in this case is shown a8 Gomposeu 
of a ring, H, wound with four coils, L I $J, 
electrically connected, so as to Go-operate in 
pairs;with a tendency to fix the poles of the 75 
ring at four points ninety degrees apart. 
Within the magnetie ring H is a disk or еу- 
lindrical core wound with two cols, G G, 
which may be connected to form ‘two elosed 
circuits. The terminals j kof the- two sets or 8o 
pairs of coils are connected, respectively, to 
the binding-posts E’ F’, and the other termi- 
nals, hi, are connected to a single binding- 
розе, ТУ. "To operate the motor, three line- 
wires are used to connéct the terminals o? the 85 
generator with those of the-motor, | 

So far 'as the apparent action or mode of 
operation of this arrángement is concerned, 
the single wire D, which is, so te speak,a com: 
mon reiurn-wire for both circuits, may be re- go 
garded as two independent wires, Invillus- 
tration, with the order of connection shown, 
coil B' of the generator is producing its màxi- 
mum eurrént and coil B its minimum; hence 
the current which passes through wiree, ring 95 
b, brush P, line-wire E, terminat E', wire 7, 
coils I I, wire or terminal D', line-wire D, 
brush a’, ring a, and wire f, fixes the polar 
line of the motor midway between. the two 
coils IT; but as the coil B’ moves from the po- тс 


10 


15 


20 


2 


sition indicated it generates less current, while 
coil B, moving into the field, generates more. 
The current from coil B passés through the 


devices and wires designated by the letters d, 


e, c, F, E", b, J J, i, D', D, d, a, and g, and 
the position of the poles of the motor will be 
due to the resultant effect of the currents in 
the two sets of coils—that is, it will be ad- 
‘vanced in proportion to the advance or for- 
ward movement of.the armature coils. Тһе 
movement of the generator-armature through 
one-quarter of a revolution will obviously 
bring coil B’ into its neutral position and eoil 
B into its position of maximum effect, and 
this shifts the poles ninety degrees, as they are 
fixed solely by coils B. This action is re- 
peated for each quarter of a complete revolu- 
tion. > 

‘When more than one motor or other device 
is employed, they may be run either in paral- 
lel orseries. In Fig. 2 the former arrangement 
is shown. The electrical device is shown as 
a converter, L, constructed as I have described 


- in my application Serial No. 258,787, filed 
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December 23, 1887. . The two sets of primary. 


eoils p r are connected, respectively, to the 
mains F E, which are electrically connected 
with the two coils of the generator. The 
cross-eireuit wires | m, making these connec- 
tions, are then connected to the common re- 
turn-wire D. The secondary coils p' p" arein 
circuits n o, including, for example, incan- 
descent lamps. Only one converter is shown 
entire‘in this figure, the others being illus- 
trated diagrammatically. EE 

. When motors or converters are to be run iu 
series,the two wires E F are led from the gen- 
erator to the coils of the first motor or con- 
verter, then continued on to the next, and so 
on through the whole series, and are then 
joined to the single wire D, which completes 
both circuits through the generator. This is 
shown in Fig. 3, in which J I represent the 
two coils or sets of coils of the motors. 

Obviously it is immaterial to the operation 
of the motor or equivalent device in Fig. 1 
what order of connections is observed between 
the respective terminals of the generator or 
motor. . 

I have described the invention in its best 
and most practicable form of which I am 
aware; but there are other conditions under 
which it may be carried out. For example, in 
case the motor and generator each has three in- 
dependent circuits, one terminal of each cir- 
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cuit is connected to a line-wire and the other 
three terminals toa common return-conductor 
This arrangement will secure similar results to 
those attained with ageneratorand motor hav- 
ing but twoindependent circuits, as above de- 
scribed. 

When applied to such machines and motors 
as have three or more induced circuits with a 
common electrical joint,the three or more ter- 
minals of the generator would be simply con- 
nected to those of the motor. Such forms of 
machines, when adapted in this manner to my 
system, I have, however, found to be less efti- 
cient than the others. 

The inventionis applicable to machines and 
motors of various types, and according to eir- 
eumstanees and conditions readily understood. 
with more or less effieient results. I do not 
therefore limit myself to any of the details of 
construetiori of the apparatus herein shown. 

What I claimis— ` 

1. The combination, with a generator hav- 
ing independent current-generating circuits 
and a converter or converters having inde- 
pendent and corresponding circuits, of inde- 
pendent conductors connecting one terminal 
of each generator: circuit with a corrésponding 
terminal of the motor and a single conductor 
connecting the remaining generator and con- 
verter terminals, as set forth. 

2. The combination, with a generator hav- 
ing independent current-generating cirenits 
and a converter. or converters having inde- 
pendent and corresponding circuits, of inde- 
pendent line or connecting circuits formed in 
part through a conductor common to all, as 
set forth. | 

. 8. The system of electrical distribution 
herein set forth, consisting of the combina. 
tion, with an alternating - current generator 
having independent generating-circuits and 
electro-magnetic motors or converters pro- 
vided with corresponding energizing-circuits, 
of line wires or conductors connecting the coils 
of the motors or converters, respectively, in 
series with one terminal of each circuit of the 
generator, and a single return wire or con- 
ductor connecting the said conductors with 
the other terminals of the generator, as set 
forth. 


NIKOLA TESLA. 
Witnesses: 


Rost. F. GAYLORD, 
FRANK E. HARTLEY. 
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7o ай ‘wlio TE 0 y concern: 

Be it:kuown that]; NikOLA TESLA, & sub- 
ject of the Emperor:of Austria, from Smiljan, 
Lika, border.country of Austria-Hungary, 


§ now residing at New York, in the. county and. 


State: ot New. stork, have invented cerinin new 
and useful Tmproyements i in Dynamo- Electric 


Machines,:of -which.the following is a specifi-. 


cation;sreference:. being had to the. drawings 
то accompanying and forming a part of the same. 
Tu certain patents granted to Charles F. Peek 
and myself—notably in Patents No..381,968 
and No; 382,290;-Mày 1, 1888—I have shown 
and described. & planof construetiug and oper- 
rs ating motors, transformers, and the like, by al- 
ternating: currents: conveyed through two or 
more. independent. circuits from s generator 
having’ sueh relation to the motors or trans- 
formers “as: to produce therein a progressive 
20 movenentiof. the: smagnetic poles or lines of 
force. Inthe said applications the descrip- 
tious -and-illustrations of the generators were 
ecnfined-to-those ‘types of alternating current 
machine inswhich the current generating coils 
25 are independent or-separate; bit IL have found 
that the ordinary forms of continuous current 
dynaimos now in use may be readily and cheaply 
adapted to my'system, or ntilized.both as con- 
tingous and alternati ng current generators 
30 with but slight changes iun their construction. 
The mode.of.effecting. this forms the substance 
of my: present: application. 
Generally stated;:the plan pursued by.mein 
carrying-out:this:invention is as follows: On 
35 the shaft of a:giyen generator, either in place 
of or in addition to the regular commutator, 
{ secure:as.many pairs. of insulated collecting- 
ringsas ‘therearecirenits to beformed. Now, 
it, will-be-anderstood. that; in the operation of 
49 any dynamo clectriogenerator the curronts ir 
the coils-in their movement through. the field 
of force: undergo.different phases—that i is to 
say, at; different-positions of the coils the cur- 
rents have. :certain, directions and certain 
45 strengths—and thatin my'improved motors or 
transformers it is necessary that: the currents 
in the energizing-coils should undergo a cer- 
tain order of variations in strength and direc- 
tion.. Hence, the further step—viz, thé con- 
so nection between the induced or generating 
coils of the machine aad the contact-rings from 
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‘electrical translating device. 


‘taining an armature with separate coils con- 


i points of maximam r 
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whieh the eurrents aro to be taken off—will . 
be determined solely by what order of varia-. 
tions of strength aud direction i inthe currents — 
is desired for producing a given result in the 55 
This may beac- . 
complished in various ways; but in the draw- 
ings I have given typical iustances only ofthe 
best and most practicable waysof applying the 
invention to three of the best-known types of 60 
machines, in order to illustrate the principle 
and to enable any. one skilled in the art to ap- 
ply the invention in any other case or under 
any modified conditions which the circuin- 
stances of particular cases may require. 
Figure 1 is a diagram illustrative of tho. 
mode of applying the invention to the. well- 
known type of elosed or continuous circuit 
machines. Fig. 2 is a similar diagram con- 


65 


19 
nected diametrically, or what is generally 
called an **open-circuit? machiue, "ig. 3 is 
a diagram showing the application of the in- 
vention to a machine the armature-eoils of 
which have a common joint. 

Referring to Fig. 1, let A represent one of my 
improved motors or transformers, which, for 
convenience, I shall designate a ‘‘converter,”’ 
which consists of an annular core, B, wound 
with four independent coils, C and D, those 
diametrically opposite being connected ta- 
gether во as to co-operate in pairs in estab- 
lishing free poles in the ring, the tendency of 
each pair being to fix the poles at ninety de- 
grees trom the other. “There may be an arma- 
ture, E, within the ring, which is wound with 
eoils.elosed upen themselves. The object is 
to pass through coils © D currents of such 
relative strength and direction as to prodace 
a progressive shifting or movement of the 

magnetic effect 2round the 
ring, and to thereby maintain a rotary move- 
ment of the armature. I therefore Secure to. 
the shaft F of. the generator four insulated ` 
contaet-rings, a bed, upon. which I cause to 95 
bear the collecting- “brushes ¢ «ђе d', connected 
by wires G G H Hy respectively, | with ће. . 
terminals of coils C and В. 

Assume, for sake ‘of illustration; that the: 
coils D D are to receive.the maximum and 
coils C C at the same instant the minimum 
current, so that ihe polar line may be midway 
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between the coils D D, the rings ab would 
therefore be connected to the continuous ar- 
mature-coil at its neutral points with respect 
to the field or the point corresponding with 
s that of the ordinary commutator. brushes, and 
between whieh exists the greatest differeuce 


of potential, while rings c d would be con- 


nected to two poiuts in the coil, between which 
exists no difference of potential. The best re- 
то Suits will be obtained by making these con- 
‘nections at points. equidistant from. one an- 
other, as shown. These connections are easi- 
est mude Dy using wires L between the-rings 
and the loops or wires J, connecting tlie coil I 
5 to the segmehts of the commutator K. When 
the converters are made in this manner, it is 
evident that the phases of the currents in the 
seciions of the generator coil will be repro- 
duced in the converter coils. For example, 


zo after turning through an are of ninety degrees: 


the conductors LL, which before conveyed 
the máximum eurrent,. will receive the mini- 
mum. current by reason of the change in the 
position of their coils, and it is evident that 
25 for the same reason the current in said’ coils 
has gradaally fallen from the maximum to the 
minimum in passing through the arc of ninety 
degrees. In this special plan of connections 
the rotation of the magnetic poles-of the соп- 
30 verter will be synchronous with that of the 
armature-coils of the generator; and the result 
will be the same, whether thé energizing-cir- 


cuits are derivations from a continuous arma- |. 


ture-coil or from independent coils, as in my 
35 previous devices. : 
Ihaveshown in Fig. 1, in dotted lines, the 
brushes M M in their proper normal position. 
Jn practice these brushes may be removed 
from the commutator and the field of the gen- 
4c erator excited by an external source of cur- 
rent; or the brushes may be allowed to remain 
on the commutator and to take off a converted 
current io excite: the field, or to be used for 
other purposes. 
In 3 certain well-known class of machines 
the armature contains a number of coils the 


45 


terminals of which connect to commutatory. 


segments, the.coils being connected across th 
armature iu pairs. ‘This type of machine is 
5o represented in Fig. 2. In this machine each 
pair of coils goes through the same phases as 
the coils in some of the generators I have 
shown, and it is obviously only necessary to 
utilize them in pairs or sets to. operate one of 
55 my converters by extending the segments of 
^o the cominutators belongiug to each pair of 


coils and causing a coliecting-brush to bear on | 


the continuous portion of each segment. In 
this: way two or more circuits may be taken 
60. off from the. gencrator,.each' including one or 
more’ pairs or sets of:ebils, as may be desired. 
“dn Figs 2 ІІ тергеѕећ the armature-coils, 
T The poles of the field- magnet, and F the 
shaft, carrying the commutators, which are ex- 





such coils either directly—as when they are 
stationary—or by. means of brushes e' and con- 
‘tact-rings e. Fn this, as in the other cases, the 
ordinary commùútator may be used on the gen- 
erator, and the carrent.taken from it, utilized: 


ciple of the invention. 
that io any case It is necessary only tó add the 
continuous contact. or collecting rings and to 
establish the connections between them and 
the appropriate coils. 


claim is— 
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tended to form continuous portions a b ed. 65 
The brushes bearing on the continuous por- 
tions for taking off the alternating currents 
are represented by a’ b d g. The collecting- 
brushes, or those which may be used to take 
off the direct current, are designated by M M. 
Two pairs of the armature - coils and their 
commutators are shown in the figure as being 
utilized; but all inay be atilized in a similar 


manner. 


There is another well-known type of ma- 75 
chine in which three or more coils, A’ B' C, 


-onthe armature have a common joint, tbe 


free ends being connected to the segments of à 
commutator. This form of generator is illus- 
trated in Fig. 3.. In this case each terminal 
of the generator is connected directly or in 
derivation to a continuous ring, abc, and col- 
lecting-broshes ¢ b’c’, bearing thereon,take off 
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| the alternating eürrents that operate.the mo-. 
tor. I6 is préferable in this case to employ a 85 


motor or transformer with three energizing- 
coils, A” B” O”, placed symmetrically with 
those of thé generator, and the circuits from 
the latter are connected to the terminals of 


for exciting the generator field-magnets or for’ 95 


other purposes. . 


-These examples serve to illustrate the prin- 
It will be observed 


It.will be understood that this invention is 


applicable to other types of máchine—as, for 
example, those by which the induced coils are 
stationary and the brushes and magnet re- 
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volve; but the manner of its application is 


-obvious to one skilled in thé art. 


Having now described my invention, what I 


, 200119 
1. Тһе combination, with a converter hav- 


| ing independent energizing-eoils, of a continu. 


ous or direct current dynamo or magaeto ma- 
chine, and intermediate-circuits permanently 
connected at suitable points to the induced or 
generating eoil$ of the generator, as herein set 
forth. . . . . 

2. The combination, with a converter pro- 


IIS 


‘vided with independent energizing-circuits, of ` 
à continuous or direct current-generator pro- 


120 
vided with continuous collecting - rings cor 


nected in derivation to the armature-coils to 


form the terminals of circuits corresponding 

to those of the converter, as-herein set forth. 
| ' NIKOLA TESLA. 

Witnesses: | ` : 


Rost. F. GAYLQRD, 
FRANK В. МСЕРНҮ. 


(No Model, ) 
N. TESLA. 


| DYNAMO ELECTRIC MACHINE OR MOTOR. | 
No. 390,415. Patented Oct. 2, 1888. 
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To all whom it may concern: The bearings G for the armature-shaft are 

Beit known that I, NIKoLA TESLA,asubject | east in the side bars, EF. The field-coils are 

ofthe Emperor of Austria, from Smiljan, Lika, | either wound on the pole-pieces or, preferably, 
border country of Austria-Hungary, now re- | wound on a form and then slipped on over the 55 

5 Siding at New York, in the county and State | ends of the pole-pieces. The lower part or 

of New York, have invented certain new and | castingissecured toasuitable base after being 

useful Improvementsin Dynamo-Electric Ma- | finished off. The armature K on its shaft is 

ehines and Motors, of which the following isa | then mounted in the bearings of the lower 
specification, reference being had to the draw- | casting and the other part of the frame placed 60 

ro ings accompanyipg and forming a part of the | in position, dowel-pins L or any other means 


same, being used to secure the two parts in proper 
This invention is an improvement in the | position. 
construction of dynamo or magneto electric In order to secure an easier fit I cast the side 


machines or motors, the improvement consist- | bars, E F, and end pieces, A B, so that slots M 65 
15 ing in a novel form of frame aud field-magnet | are formed when the two parts are put to- 
which rendersthe machine more solid and com- | gether. 


pact as a structure, which requires fewer parts, This machine possesses many advantages. 
and which involves less trouble and expense | For example, I magnetize the cores alternately, 
in its manufacture. as indicated by the characters NS, and it will 7o 


22 The invention is applicable to generators } beseen that the magnetic circuit between the 
and motors generally, not only to those which | poles of each part of a casting is completed 
I have described in former patents, and which | through the solid iron side bars. The bear- 
have independent circuits adapted for use in | ings for the shaft are located at the neutral 
my patented alternating current system, but | points of the field,so that the armature-core is 15 
25 to other continuous or alternating current ma- | not affected by the magnetic condition of the 
chines, such as have heretofore been more gen- | field. 
erally used. My improvement is not restricted to the use 
In the drawings hereto aunexed, which ilus- | of four pole-pieces, as it is evident that each 
trate my improvements, Figure 1 shows the | pole-piece could be divided or more than four 80 
30 machine in side elevation. Fig. 2isa vertical | formed by the shape of the casting. 
sectional view of the field-magnets and frame What I claim is— 
and an end view of the armature; and Fig. 3 1. A dynamo or magneto electric machine 
is a plan view of one of the parts of the frame | or motor the frame of which is built up of two 
and the armature, a portion of the latter being | castings, each consisting of end plates with 85 


35 cut away. pole-pieces extending inwardly therefrom and ^ 
I cast the field-magnets and frame in two | connecting side bars, as set forth. 
parts. These parts are identical in size and 2. A frame for generators or motors built up 


shape,and each consists of the solid plates or | of two superposed castings,each consisting ofa 
ends A D, from which project inwardly the | rectangular frame with pole-pieces extending 90 
до cores C D and the side bars or bridge-pieces, | inwardly from its ends, as set forth. 
E F. The precise shape of these parts is 3. A frame and field-magnet for generators 
largely a matter of choice—that is to say, each | and motors built up of two rectangular cast- 
casting, as shown, forms an approximately- | ings having pole-pieces extending inwardly 
rectangular frame; but it may obviously be | from their ends, the faces of said pole-pieces 95 
45 more or less oval, round, or square without | being curved to afford clearance for the arma- 
departure from the invention. Ialso preferto | ture and provided with energizing-coils, as set 
reduce the width of the side bars, E F, at the | forth. 
centerand toso proportion the parts that when | 
the frame is put together the spaces between Witnesses: 
so the pole-pieces will be practically equal to the ROBT. F. GAYLORD, 
ares which the surfaces of the poles occupy. FRANK E. HARTLEY. 
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To all whom it may concern: mE 
; Beit known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of-Anstria, from Smiljan, 
Lika, border country of Atistria-Hungary, now 
5 residing at New York, in the county and State 
^: of New York, have invented certain new and 
useful Improvements in Electric Generators, of 
whichithe followingis a specification, reference 
being had to the drawing accompanying and 
io formiùg-a: part of the same. ^ ' ` vus 
` My present invention relates, chiefly, to the 
alternating-current system invented by-me 
. ‘and described in 
381,968 and 382,280, of May 1, 1888, in which 
15 the motors. ot transformers, or generally the 
' converters, are operated by a progressive shift- 
ing or movement of their magnetic poles pro-. 
duced by the co-operative action of independ- 
ent magnetizing-eoils through which pass al- 
ternating currents in proper order and direc- 
tion. In my said system, as I have heretofore 
shown, Y employed a generator of alternating 
currents in which there were indépendent in- 
duced or generating coils corresponding to the 
energizing-coils of the converter, and the re- 
lations of the generator and. converters were 
` generally such that: the speed of rotation of 
thé magnetic poles of the converter equaled 
ihat of the armature of the generator. : 
To secure the greatest efficiency, it is neces- 
sary to run the machines at a high speed, and 
this is true not only of those generators and 
motors which are particularly adapted for use 
. in my system, but of others. The practica- 
35 bility of running at very high speeds, how- 
~ ever, particularly in the case of large genera- 
' tors, is limited by 
_ Beeking to avoid which I have devised various 


2 


л 


39 


plans for operating the system under efficient. 


40 conditions, although running the generator at 
f comparatively low rate of speed. | 
' My present invention consists of another 
way of aceomplishing this result, which in 
certoin respects presents mauy advantages. 
45 According to the invention, in lieu of driving 
the armature of the generator ata high rate 
of speed, I. produce a rotation of tho magnetic 
poles of onc clement of the generator and drive 
the other at a different speed, by which simi- 
$0 lar results are obtained to those secured һуа: 
rapid rotation of one of tho elements, 


prior patents, notably Nos.” 


mechanical conditions, in.’ 





to the diagram drawing hereto annéxed. 
The generator which supplies the current 
for operating thé motors or transformers con- 


annular core wound with four diametrically- 
-oppositecoils, EE’. Within thering is mounted 


nally with. two independent coils, F F’, the 


insulated contact or collecting rings, D D' G'G', 
on the armature-shaft. Collecting-brushes d. 
4 4 7 bear upon thése rings, respectively, and 
convey the currents through thetwo independ- 
ent line-circuits M M’. In the main line there 
may be incladed one or more motors or trans- 
formers, or both. 
constructed in accordance with my invention 
-with independent coils or sets of coils J J’, їп. 


‘These energizing-coils aré wound on a ring or 


| annular field or on pole-pieces thereon, and 


produce by the action of. the alternating cur- 
rents passing through them a. progressive 
shifting of the magnetism from pole to pole. 
The cylindrical armature H of the motor is 


form independent closed circuits. — . 

if transformers be employed, I connect one 
set of the. primary eolls, as N N, wound ona 
the other primary-coils, N’ N, to the cironit 
M. The secondary coils K K' may then be 
utilized for running groups of incandescent 
lamps P Р. | 

With the generator I employ an exciter. 
This consists of two poles, A A, of steel per- 
manently magnetized, or of iron excited by a 
battery or other generator of continuous car- 


nal coils, C.C. One end of each of these coils 
is connected to the collecting-ringsb c, respect- 
ively, while the other ends are both connected 
to a ring, а. Collecting-brushes, b’ c bear on 
the rings b c, respectively, and conductors I, 
L convey the currents therefrom through tho 
coils E and I of the generator. Iisa com- 
mon return-wire to brush a^. Two independ- 
ent circuits are thus formed, one including 
coils Gof the exciter and E E of the generator, 


: sists in this instance of a subdivided ring or. 


‘cluded, respectively, in the cirenits M M ` 


rents,and a cylindrical armature-core mounted . 
on a shaft, B, and wound with two longitudi:. 


| I shall deseribe this invention by reference . 


a cylindrieal armature-core wound longitudi-. 


60. 


ends of which lead, respectively, totwo pairsof . 


е 


5 


If motors be used, they are. - 


75 


wound with two coils.at right augles, which 


80 


ring or annular core, to one circuit, as M’, and - 


95 


the other coils C' of the exciter and EY FY 


£A 


IO 
15 
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` 40 


45 


‚ ber of rotations per unit of time of the mag-; 
netic poies of, the generator; hence the speed 


5o 


55 


60 


' póies rotate. 
be similar to that produced by a generator the | 


65 


К 
2 


the generator. 
operation of the exciter producesa progressive 
movement.of the magnetic poles of the annu- 
lar field-core of the generator, the shifting or 
rotary movement of. said poles -being synch- 
ronous with the rotation of the'exciter-arma- 
ture. Considering the operative conditions of 
a system thus established, it will be found that 
when the exciter is driven so.as to energize 


'. the field of the generator thé armature of the 


latterfif left free to turn, would rotate at a 
speed practically the same as that of the ex: 
citer. 
FE" of the generator-armature be closed upon 


. fhemsélves or short-cirenited, no currents, at. 
. least. theoretically, will be: 


generated in. the 
said armature-coils. In practice I -have ob- 
served the presence of slight currents, the ex. 
istence of which is attributable to more or less 
pronounced fluctuations in the intensity of the 


magnetic poles of the generator-ring. “So, if. 


the armature-coils F F" be plosed through the 
motor, the latter will nót be turned as long ag 


the movement of the generator-armature is 


synchronous with that of the exciter or of the- 


magueti¢c poles of its field... If, on ће сор: 
trary, the speed of the generator-armature be 
in any way checked,so that. the shifting or.ro- 
tation of the poles of the field: becomes rela- 
tively more rapid, currents will be induced in 
the armature-coils, This obviously follows 
from the passiug'of the lines of force across 
the armature - conductors, The greater. the 
speed of rotation of the magnetic poles rela- 
tively to that of the armature the more ғар- 
idly the currents developed in the coils of the 
latter will follow one another, and the more 
rapidly the motor will revolve. in response 
thereto, and this continues until the armature- 


generator is stopped entirely, as by a brake, | 


when the motor, if properly constructed, runs 
at fhe same speed with which the Inagnetic 
poles of the generator rotate: ` 

` The effective strength of the currents devel- 


' oped iu-the armature-eoils ot: the generator is 


dependent upon the strength of ihe currents 
'energizing.the generator and upon the num-: 


of the motor-armature will depend in all cases 
upon the relative speeds of the armature of 
the ‘generator and of its maguetic poles, . For 


example, if the poles are turned two thousand | 
times per unit of time and fhe armature is’ 


turned eight hundred, thé motor will turn 
twelve hundred times, or nearly so. "Very 
slight differences of speed may be indicated by 
2 delicately-balanced motor.- ` MEE 
Let it now be assumed that power isapplied 
to.the generator-armature to turn it in a di- 
rection opposite to that in which its magnetic 
In such case the result would. 


armature and field-magnets of which are ro- 
tated in opposite directions, and by reason of 


these conditions the motor-armattire will turn ! or energizing coils: 






-by checking the speed.of 


If under such. conditions the, coils F. 


. magnetic poles or conversely, ` E 
-It will-be understood from the above. đe- 


operatively associated.in the following man- 


BEST AVAILABLE Cop: 


390,721 


of [ata rate -of speed equal to the sum. of the 
It results from this that the | speeds of the armature and maguetic poles of 


ihe generator, so that a comparatively low 
Bpeed of the generator-armature will produce 
a high speed in the motor. | 

It will.be observed'in eonnection with this 
system that on. diminishing the resistance of 
the external circuit of the generator-armature 
e motor or by add- 


ing translating ñeviees in multíplë aró in the 


secondary circuit or cirenits of thetransformer 
‘the strength of the. current in the armature- 


circuit is greatly increased. Thisis due to two 
causes: first, to the great differences in the 
speeds of the motor and. génerator, and, вес. 
ondly, to the fact that the apparatus follows 
the. analogy of a transformer, for, in propor- 

tion as the resistance of the armature ог sec- 

ondary circuits is reduced, the strength of the- 
currents in the field or primary eircuita of the 
generator i8 inéreased and the.currenta in the 
armature augmented correspondiugly. . For. 
similar reasons. thé currents in the armature- 


85. 


: . А 90 
coils of the. generator increase ver; rapidly. ^. 
when the speed of the armature is reduced. ~- 


when running in the same direction as the : 


scription that the generator-armature may be 


ran.in the direction of the shifting of the mag. 


netic poles, but more rapidly, and that in such 
case the speed of the ‘motor will be equal to 
the difference between tha two rates... ^. 
In many applications to electrical conversion - 
and distribution this system es great 
advantages both in 
practicability. с 
. What I claim is— Ы 
1. The combination, wjth an alternating-our-. 
rent generator havigg independent energizing 
or field and independent induced or arma- 
ture coils, of an alternating - current exciter, 
having -generating-or induced coils 
sponding to'and connected with the en gizing- 
coils of the generator, asset ой. `` 
- 2. In. an alternating-current geuerator, the. 
combination -of the elements named and co- 
1 
ner: a field-magnet wound with independent 


-coils each connected witha source of alternat- ` 


ing currents, whereby the magnetic poles pro- 
ducet by said coils will -be -progressively 
shifted or moved through the field, and an 


economy, efficieney, and .. 


95. 


05”. 


Corré- rio. .. 


15 


arimature-core. wound with independent cojla ` 


each having terminals from. which currents 
aré delivered to the independent external cir-. 
cuits. У ol pul SL U. 

3. The system of electrical distribution con- 
sisting of the combination, with an alternat» 


ing-eurrent generator-having independent 


energizing-coils ànd.an armature wound with 
independent induced evils,-of ai alternating- 
current exciter having inducéd~eoils corre- 
sponding toand connected with tne energizing: 
coils of the generator, and one or more electri- 
cal converters having independent inducing 
connected with the corre- 


~ 


30 


390,721 
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sponding e&tmature coils of the generator, as. having induced or generating coils correspond- 
herein set forth. _ | ing to and connected with the energizing-coils 
4. Thecombination, with &n alternating-cur- | of the generator, as.set forth. 
“rent generator having a fleld-magnet wound : | NIKOLA TESLA. 
s with independent energizing -coils and an ‘Witnesses: 
armature adapted to be rotated within the Rost. F. GAYLORD, 
field produced by said magnet, of an exciter PARKER W. PAGE. 
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REGULATOR FOR ALTERNATE-CURRENT MOTORS. 


SPECIFICATION forming part of Letters Patent No, 390,920, dated October 9, 1888. 
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To aii whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, now 
residing in New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Regulators for Alter- 
nating-Current Motors, of which the following 
is a specification, reference being had to the 

ro drawings accompanying and forming part of 
the same, 

My invention is an improvement in systems 
for the electric transmission of power; and it 
consists in a means of regulating thespeed and 

15 power of the motor or motors. The system for 

© use with which the invention is more particu- 
larly designed is one in which the motors, or 
what may be in certain cases their equiva- 
lents—the electrical transformers—havetwoor 

20 more independent energizing-circnits, which, 
receiving current from corresponding sources, 
act to set up a progressive movement orshift- 
ing of the magnetic poles of the motors; but 
the invention is also applicable to other pur- 

25 poses, aS will hereinafter appear. I employ 
the regulator for the purpose of varying the 
speed of these motors. 

The regulator proper consists of a form of 
converter or transformer with one element са- 

3o pable of movement with respect to the other, 
whereby theinductiverelations may bealtered, 
either manually or automatically,for the pur- 
pose of varying the strength of the induced 
current. I prefer to construct this device in 

35 such manner that the induced or secondary 
element may be movable with respect to the 
other; and the improvement, so far as relates 
merely to the construction of the device itself, 
consists, essentially, in the combination, with 

40 two opposite magnetic poles, of an armature 
wound with an insulated ecil and mounted on 
a shaft, whereby it may be turned to the de- 
sired extent within the field produced by the 
poles. The normal position of the core of the 

45 secondary element is thab in which it most 
completely closes the magnetic circuit between 
the poles of the primary element, and in this 
position its coil is in its most effective position 
for theinduetive action upon it of the primary 


5o eoils; but. by turning the movable core to 


either side the induced currents delivered by 
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its coil become weaker until, by a movement 
of the said core and coil through ninety de- 
grees, there will be no current delivered. 

The construction of this device, broadly, I 55 
do not claim as of my invention; but this, to- 
gether with the manner of applying and using 
the same, which forms the subject of my in- 
vention, I will now explain by reference to 
the accompanying drawings. 60 

Figure 1 is a view in side elevation of the 
regulator. Fig. 2 is a broken section on line 
æ æ of Fig. i. Fig. 3 isadiagram illustrating 
the preferred manner of applying the regu- 
lator to ordinary forms of motors, and Fig. 4 65 
isa similar diagram illustrating the applica- 
tion of the device to my improved alternating- 
eurrent motors. 

The regulator may be constructed in many 
ways to secure the desired result; but in the 
best form of which I am now aware it is shown 
in Figs. 1 and 2, 

A represents a frame of iron, and I would 
here state that the plan which is now invari- 
ably followed of dividing up all iron cores 7 
which are subjected to the influence of alter- 
nating currents should be adopted in the eon- 
struction of this device. 

B B are the cores of the inducing or pri- 
mary coils C C, said cores being integral with 8c 
or bolted to the frame A in any well-known 
way. 

Disashaft mounted in the side bars, D', 
and on which is secured a sectional iron core, 

E, wound with an induced or secondary coil, 85 
F, the convolutions of which are parallel with 
the axis of the shaft. The ends of the core 
are rounded off, so as to fit closely in the space 
between the two poles and permit the core E 

to be turned. A handle, G, sceured to the go 
projecting end of the shaft D, is provided for 
this purpose. 

Any means may be employed for maintain- 
ing the core and secondary coil in any given 
position to which it is turned by the handle. g5 

The operation or effect of the device will be 
understood by reference to the diagrams illas- 
trating the manner of its application. 

In Fig. 3,1et IH represent an ordinary alter- 
nating-carrent generator, the field-magnets of зоо 
which are excited by a suitable source of cur- 
rent, I. Let J designate an ordinary form of 
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electro-magnetic motor provided with an 
armature, K, commutator L, and field-mag- 
nets M. Tt is well known that such a motor, 
if its field-magnets! cores be divided up into 
insulated sections, may be practically oper- 
ated by an alternating current; but in using 
my regulator with such a motor I include one 
element of the motor only—say the armature- 
coils—in the main circuit of the generator, 
making the connections through the brushes 


and the commutator in the usnal way. Ialso | 


include one of the elements of the regulator— 
say the stationary coils—in the same circuit, 
and in the circuit with the secondary or mov- 
able coil of the regulator I connect up the 
field-coils of the motor. I prefer to use flexi- 
ble conductors to make the connections from 
the secondary coil of the regulator, as I there- 
by avoid the use of sliding contacts or rings 
without interfering with the requisite move- 
ment of the core E. 

If the regulator be in its normal position,or 
that in which its magnetic circuit is most 
nearly closed, it delivers its maximum induced 
current, the phases of which so correspond 
with those of the primary current that the 
motor willrun as though both field and arma- 
ture were excited by the main current. 

To vary the speed of the motor to any rate 
between the minimum and maximum rates, 
the core E and coils F are turned in either di- 
rection to an extent which produces the de- 
sired result, for in its normal position the con- 
volutions of coil F embrace the maximum 
number of lines of force, all of which act with 
the same effect upon said coil; hence it will 
deliver its maximum current; but by turning 
the coil F out of its position of maximum ef- 
fect the number of lines of force embraced by 
itis diminished. The inductive effect is there- 
fore impaired, and the current delivered by 
coil F will continue to diminish in proportion 
to the angle at which the coil F is turned un- 
til, after passing through an angle of ninety 
degrees, the convolutions of the coil will be at 
right angles to those of coils C C, and the in- 
ductive effect reduced to a minimum. 

Incidentally to certain constructions, other 
causes may influence the variation in the 
strength of the induced currents. Tor exam- 
ple, in the present case it will be observed 
that.by the first movement of coil F a certain 
portion of its convolutions are carried beyond 
the line of the direct influence of the lines of 
force, and that the magnetic path or circuit 
for said lines is impaired; hence the inductive 
effect would be reduced. Next, that after 
moving through a certain angle, which is ob- 
viously determined by the relative dimensions 
of the bobbin or coil F, diagonally-opposite 
portions of the coil will þe simultaneously. in- 
cluded in the field, but in such positions that 
the lines which produce a current-impulse in 
one portion of the coil in a certain direction 





tion a corresponding impulse in the opposite 


| direction; hence portions of the current will 


neutralize one another, 

As before stated, the mechanical construc- 
tion of the device may be greatly varied; but 
the essential conditions of the invention will 
be fulfilled in any apparatus in which the 
movement of the elements with respect to one 
another effects the same results by varying the 
inductive relations of the two elements in a 
manner similar to that described. . 

It may also be stated that the core E is not. 
indispensable to the operation of the regula- 
tor; bub its presence is obviously beneficial. 
This regulator, however, has another valuable 
property in its capability of reversing the mo- 
tor, for if the coil F be turned through a half 
revolution the position of its ċonvolutions 
relatively to the two coils C C and the lines 
of force is reversed, and consequently the 
phases of the current will be reversed. This 
will produce a rotation of the motor in an op- 
posite direction. This form of regulator is 
also applied with great advantage to my sys- 
tem of utilizing alternating currents,in which 
the magnetic poles of the field of a motor are 
progressively shifted by means of the com- 
bined effects upon the feld of magnetizing- 
coils included in independent circuits, through 
which pass alternating currents in proper or- 
der and relations to each other, 

Tn illustration, let P represent one of my 
generators having two independent coils, P' 
and P", on the armature, and T a diagram of 
& motor having two independent energizing- 
coils or sets of coils, R R. One of the cir- 
cuits from the generator, as 8’ S’, includes one 
set, R’ R’, of the energizing-coils of the motor, 
while the other circuit, as Š 8, includes the 
primary coils of the regulator. The second- 
ary coil of the regulator includes the other 
coils, R R, of the motor. 

While the secondary coil of the regulator is 
in its normal position it produces its maxi- 
mum current, and the maximum rotary effect. 
is imparted to the motor; but this effect will 
be diminished in proportion to the angle at 
which the coil F of the regulator is turned. 
The motor will also be reversed by reversing 
the position of the coil with reference to the 
coils C C, and thereby reversing the phases of 
the current produced by the generator. This 
changes the direction of the movement of the 
shifting poles which the armature follows. 

One of the main advantages of this plan of 
regulation is its economy of power. When 
the induced coil is generating its maximum 
current, the maximum amount of energy in the 
primary coils is absorbed; but as the induced - 
coil is turned from its normal position the 
self-induction of the primary coils reduces the 
expenditure of energy and saves power. 

Itis obvious that in practice either coils C 
C or coil F may be used as primary or second- 


65 will produce in the diagonally-opposite por- | ary, and it is well understood that their rela- 
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tive proportions may be varied to produce 
any desired difference or similarity in the in- 
ducing and induced currents. 

‘Tam aware that it is not new to vary the 
secondary current of an induction-coil by mov- 
ing one coil with respect to the other, and 
thereby varying the inductive relations nor- 
mally existing between the two. This I do 
not claim. 

What I claim is— 


1. The combination, with a motor having in- | 


dependent energizing-circuits, of an alternat- 


ing-current regulator, consisting, essentially, 


of inducing and induced eoils movable with 
respect to one another, whereby the strength 
of the induced currents may be varied, the in- 
duced coils being included in and adapted to 


i 
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supply the eurrent for one of the motor-cir- 
euits, as set forth. 

2, The combination, with a motor adapted 
to be run or operated by alternating currents 
and provided with independent energizing- 
coils, of a regulator Gonsisting. of stationary 
inducing-coils and an induced coil capable of 
being rotated, whereby it may be turned to a 
greater orless angieto the primary coils, or its 
position with respect thereto reversed, the in- 
duced coil cr coils being ineluded in and 
adapted to supply the current for one of the 
motor-circuits, as set forth. 

NIKOLA TESLA. 

‘Witnesses: 

Бовт. Е, GAYLORD, 
FRANK B. MURPHY. 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, of Smil- 
jan, Lika, Border Country of Austria-Hun- 
gary, have invented an Improvement in Ther- 

5 mo-Magnetic Motors, of which the following 
is a specification. 

It is well known that heat applied to a mag- 
netized body will lessen the magnetism, and 
if the temperaturo is raised sufficienti y the 

io magnetism will be neutralized or destroyed. 

In my present invention I obtain mechan- 
ical ‘power by a reciprocating action resultin g 
from the joint operations of heat, magnetism, 
and a spring or weight or other force —that is 

t5 to say, I subject a body magnetized by in- 

duction. or otherwise to the action of heat un- 

til the magnetism is sufficiently neutralized 

to allow a weight or spring to give motion to 

the body and lessen the action of the heat, so 

20 that the magnetism may be sufficiently re- 

Stored to move the body in the opposite di- 

rection, and again subject the same to thede- 
magnetizing of the heat. | 

: Th carrying out my. invention I am able to 

25 make use of either an electro-magnet.or a per- 

manent magnet, and I preferably direct: the 

heat against, a body that is magnetized by in- 

duction, rather than direct] y against a perma- 

nent magnet, thereby avoiding the loss of mag- 

3o netism that might result in the permanent 

° magnet by the action. of heat. ‘Ialso provide 

for lessening the volume of the heat or for in- 


tercepting the same during that portion of the: 


reciprocation in whieh the cooling action 

35 takes place. 

In the drawings I have represented by dia- 
grams some of the numerous arrangements 
that may be made use of in earrying ont my 
invention. In all of these ‘figures the mag- 

40 net-poles are markeil N 8, the armature A, the 
sBunsen burner or other source of heat H, the 
axisof motion M,and the spring or the equiva- 
lent thereof—namely,a weight—is marked W. 

In Figure 1 the permanent magnet N iscon- 

45 nected with a frame, F, supporting the axis 
M, from which the агт Р hangs, and at the 


lower end of which the armature A is sup- | 


ported. The stops 2 and 8 limit the extentof 
motion, and the spring W tends to draw the 
5o armature. A away from the magnet М, It is 
now to. be understood that the magnetism 





of-N is.sufficient to overcome thé spring W 
and draw the armature A toward the magnet 
N. The heat acting upon the armature A 
neutralizes its induced magnetism sufficiently 
for the spring W to draw the armature A 
away from the magnet Nand also from the 
heat at-H. The armature now cools, and the 


attraction of the magnet N overcomes the’ 


spring W and draws the armature A back 
again above the burner 11,s0 that the.same is 
again heated’ and the operations are re- 
peated. The reciprocating mvements thus 
obtained are employed as a source of me- 
chanical power in any desired manner. Usu- 
ally a connecting-rod: to a crank. upon a fly- 


‘wheel shaft will be made use of, as indicated - 


in Fig. 10; but I do not limit myself in this 
respect. ` : : | . 

Fig. 2 ropresenta the same parts as before 
described; but an electro-magnet is iHustrated 
in place of a permanent magnet. The opera- 
tions, however, are the same. : 

In Fig. 2 I have shown the same parts as 
in Figs. 1 and 2, only they are differently ar- 
ranged. The armature A, instead of swing- 
ing, i8 stationary and held by an arm, P’, and 
the core N'S of thé electro-magnet is made to 
swing within the helix Q, the said core being 
suspended by the arm P from the pivot M. 
Ashield, R, is connected with the magnet-core 
and swings therewith, so that after the heat 
has demagnetized the armature A to such 
an extent that the spring W draws the core 
N S away from the.armaturo A the shielå R 
comes between the flame II and armature A, 
thereby intercepting the action of the heat 
and allowing the armature to cool, so that the 


“magnetism, again preponderating, causes the 


movement of the core N S toward the arma- 
ture A and the removal of the shield R from 
above the flame, so that the heat again acts 
to lessen or neutralize the magnetism. A 
rotary or other movement may be obtained 
from this reciprocation. . 

- Fig. 4 corresponds in every respect with 


Fig. 3, except that a permanent horgeshoe- 


magnet, N S, is represented as taking the 
place of the electro-magnet in said Fig.3. . 

In Fig. 5 I have shown a helix, Q, with an 
armature adapted to swing toward or from 
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the helix. In this case there may be a soft- . 


10 


9 
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iron core in the helix, or the armature may 
assume the form of a solenoid-core, there be- 
ing no permanent core within the helix... 

< Fig. 6 is an ond. view, and Fig. 7 a plan 
view, illustrating my improvement as applied 
to aswinging armature, A, and a stationary 
permanent magnet, № №. Tn thin instance I 
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armature is pivoted at one end to one pole of 
the magnet and the other end swings toward 
and from the other pole of the magnet. The 
apring W acts against a lever-arm that pro- 
jeeta from the armature,and the supply of 
heat has to be partly cut off hy a connection 
to the swinging armature, so as to lessen the 


apply the heat to an auxiliary armature or | heat acting upon the keeper-plate when the 


keeper, T, which isadjacenttoand preferably 
in direct contact with the magnet. This 
armature Tin the form of a plate of sheet- 
iron, extends across from one pole to the other 
and is of sufficient section to practically form 


‘a keeper for. the magnet, so that, when this 
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armature To is cool nearly all. the lines of 
force pass over the same and very little free 
magnetism is exhibited. ‘Then the armature 
A, which swings freely on the pivots M in 
front of the poles N S, is very little attracted 
and the spring s pulls the same away from 
the poles into the position indicated in the 
drawings. 'Theheat is directed upon the iron 
plate T at some distance from the magnet, so 


as to allow the magnet io be kept compara-. 


tively cool, This heat isapplied beneath the 
plate by means of the burners H, and there is 
a connection from the armature A or its pivot 
to the gas-cock 6 or other device for regulat- 
ing the heat. The heat acting upon the mid- 
dle portion of the plate T, the magnetic con- 
ductivity of the heated portion is diminished 
or destroyed, and a great number of the lines 


.of foree. are deflected over the armature А, 


which is now powerfully attracted and drawn 
into line, or nearly so, with the poles NS. In 
so doing the cock 6 is nearly closed and the 
plate T cools, the lines of force are again de- 
flected over the same, the attraction exerted 
upon the armature A is diminished, and the 
spring W pulls the sune away from the mag- 
net into the position shown by full lines, and 
the operations are repeated. The arrange- 


' ment&hown in. Fig. 6 has the advantages that. 


45 


50 


the magnet and armature are kept cool and 
the strength of the permanent magnet is bet- 


ter preserved, as the magnetic circuit is con- | 


stantly closed. 
In the plan view, Fig. 8, I have shown a 


permanent magnet and keeper-plate, 'T, simi- . 


lar to those in. Figs. 6 and 7, with the burn- 
ers H for the gas beneath the same; but the 





armature A has been attracted, 
Fig. 9 is similar to Fig. 8, except that the 

keepert is not made uso of and tho arma- 

ture itself swings into and out of the range 


of the intense action of the heat from the 


burner If. 

Fig. 10is a diagram similar to Fig. 1, except: 
that in place of using a spring and stops the 
armature is shown as connected by a link, 12, 
to the crank 13 of a fly-wheel, so that, the fly- 
wheel will be revolved as rapidly as the arma- 
ture can be heated and cooled to the neces- 


sary extent. A spring may be used in addi- 


tion, as in Fig. 1. - : 
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In Fig. 11 the two armatures À A are con- - 


nected by a link, so that one will be heating 
while the other is cooling, and the attraction 
exerted. to move the cooled armature is 
availed of to draw away the heated armature 
instead of using a spring. 

I have shown in the drawings several ways 
of earrying out my invention; but said in- 
vention isnot limited by any particular form, 
arrangement, or construction of deviees. 

I claim as my invention— 

I. The combination, with a swinging body 


80 


8g 


undertheinfluence of magnetism, of a burner ` 


or other source of heat acting to vary the 
magnetism, and a spring or other power to 
move the swinging body in the opposite di- 
rection to the action of the magnetism, stb- 
stantially as set forth. : 

2, The combination, with two or morearma- 
tures connected to each other, of magnets to 
influence such armatures, and burners ог 
other sourees of heat to vary the magnetic 
action and cause the armatures to move, sub-, 
stantially as set forth. - ! 

Signed by me this 29th day of March, 1886. 

NIKOLA TESLA. 
. Witnesses: | 
Geo. T. PINCKNEY, 
W ALLACE L. SERRELL. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, à sub- 
ject of the Emperor of Austria, from Smiljan, 


residing at New York,in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of Operating 


nations produced per revolution of the gener- 
ator. Its actual speed, therefore, may be faster 


‘or slower than that of the generator; butitis 
Lika, border country of Austria-Hungary, and : 


Electro-Magnetie Motors, of which the follow- 


ing is a specification, reference being had to | 


the drawings accompanying and forming a 
. > v т a 
part of the same, 


As is well known, certain forms of alternat- | 


ing-current machines have the property, when 
connected in circuit with an alternating-cur- 
rent generator, of ranning as a motor in syn- 
chronism therewith; but,while the alternating 
eurrent will run the motor after it has attained 
a rate of speed synchronous with that of the 
generator, it will not start it. 


nizing-motors,” as they are termed, have been 
run some means have been adopted to bring 
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Hence, in all | 
instances heretofore where these “synchro- | 


the motors up to synchronism with the gen- 


erator, or approximately so, before the alter- 


nating current of the generator is applied to | 


drive them. In some instances mechanical 


appliances have been utilized for this pur- | 


pose. In others special and complicated forms 
of motor have been constructed. I have dis- 
covered a much more simple method or plan 
of operating synehronizing-motors, which re- 
quires practically no other apparatus than 
the motor itself. In other words, by a cer- 
tain change in the circuit-connections of the 
motor I convert it at will from a double-cir- 
cuit motor, or stitch as I have described in 
prior patents and applications, and which will 
start under the action of an alternating cur- 
rent into a synchronizing-motor, or one which 
will be run Dy the generator oniy when it has 
reached a certain speed of rotation synchro- 
nons with that of the generator. 
manner I am enabled to very greatly extend 
the applications of my system and to secure 
all the advantages of both forms of alternat- 
ing-current motor. 

The expression “synchronous with that of 
the generator,” is used herein in its ordinary 
acceptation—that is to say, a motor is said to 
synchronize with the generator when it pre- 
serves a certain relative speed determined by 
its number of poles and the number of alter- 


In this | 


i 





said to be synehronousso long as it preserves 
the same relative speed. 

In carrying out my invention I construct a 
motor whieh has a strong tendency to synch- 
ronism with the generator. The construc- 
tion which I prefer for this is that in which 
the armature is provided with polar projec- 
tions. The field-magnets are wound with two 
sets of coils, the terminals of which are con- 


| nected to à switeh mechanism, by means of 
| which the line-current may be carried directly 


through the said coils or indirectly through 
paths by which its phases are modified. То 
start such a motor, the switchis turned onto 
a set of contacts which includes in one motor- 
cireuit a dead resistance, in the other an in- 
ductive resistance, and, the two circuits being 
in derivation, it is obvious that the difference 
in phase of the current in such circuits will 
setup a rotation of the motor. When the 
speed of the motor has thus been brought to 
the desired rate, the switch is shifted to throw 
the main current directly through the motor- 
circuits, and although the currents in both 
circuits will now be of the same phase the 
motor will continue to revolve, becoming a 
true synchronous motor. To secure greater 
efficiency, I wind thearmature or its polar pro- 
jeetions with coils elosed on themselves. 
There are various modifieations and impor- 
tant features of this method or plan; but the 
main prineiple of the invention will be under- 
stood from the foregoing. 

In the drawings, to which I now refer, I 
have illustrated by the diagrams the general 
features of construction and operation which 
distinguish my invention, Figure 1 being 
drawn to illustrate. the details of the plan 
above set forth, and Figs. 2? and 3 modifica- 
tions of the same. 

Referring to Fig. I, let À designate the field- 
magnets of a motor, the polar projections of 
which are wound with coils B C ineluded in 
independent circuits, and D the armature 
with polar projections wound with coils E 
closed upon themselves, the motor in these 
respects being similar in construction to those 
described in my patent, No. 382,279, dated 
May 1, 1888, but having, by reason of the 
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polar projections on the armature-core or 
other similar and well-known features, the 
properties of a synchronizing-motor. 

LL’ represent the conductors of a line from 
an alternating-current generator G. 

Near the motor is placed a switch the ac- 
tion of which is that of the one shown in the 
drawings, which is constructed as follows: F 
F” are two conducting plates or arms, pivoted 
at their ends and connected byan insulating 
eross-bar, H, so as to be shifted in parallel- 
ism. In. the path of the bars F F’ is the con- 
tact 2, which forms one terminal of the cir- 
cuit through coils C, and the contact 4, which 
is one terminal of the cireuit through coils B. 
The opposite end of the wire of coils C is con- 
nected to the wire L or bar F’, and the corre- 
sponding end of coils B is connected to wire 
L’ and bar F; hence if the bars be shifted so 
as to bear on contacts 2 and 4 both sets. of 
coils B C will be included in the circuit L L’ 
in multiple arc or derivation. In the path of 
the levers F F’ are two other contact-termi- 
nals, 1 and 3. The contact 1 is connected to 
contact 2 through. an artificial resistance, I, 
and contact 3 with contact 4 through a self- 
induction coil, J, so that when the switch-le- 
vers are shifted onto the points 1 and 3 the 
circuits of coils B and C will be connected in 
multiple are or derivation to the cireuit L L’, 
and will include the resistance and. self-in- 
duction coil, respectively. A third position 
of the switch is that in which the levers F and 
F’ are shifted out of contact with both sets of 
points. In this case the motor is entirely out 
of circuit. 

The purpose and manner of operating the 
motor by these devices are as follows: The 
normal position of the switch, the motor be- 
ing out of circuit, is off the contact-points. 
Assuming the generator to be running, and 
that itis desired to start the motor, the switch 
is shifted until its levers rest upon points 1 
and 3. The two motor-cireuits are thus con- 
nected with the generator-circuit; but by rea- 
son of the presence of the resistance I in one 
and the self-induction coil J in the other the 
coincidence of the phases of the current is 
disturbed sufficiently to produce a progression 
of the poles, which starts the motor in rota- 
tion. When the speed of the motor has run 
up to synchronism with the generator, or ap- 
pr oximately so, the switch is shifted оу er onto 
the points 2 and 4, thus eutting out the coils 
I and J, so that the currents in both circuits 
have the same phase; but the motor now runs 
as a synchronous motor, which is well known 
to be à very desirable and effieient means of 


' eonverting and transmitting power. 
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It will be understood that: when brought up 
to speed the motor will run with only one of 
the circuits B or C connected with the main 

or generator circuit, or the two circuits may 
be “connected in series. This latter plan is 


preferable when a current having a high 
number of alternations per unit of time i is em- 
ployed to drive the motor. 


In such ease the 
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starting of the motor is more difficult and the 
dead and inductive resistances must take up a 
considerable proportion of the electro-motive 
force of the circuits. Generally Iso adjust the 
conditions that the electro-motive force used 
in each of the motor-cireuits is that which is 
required to operate the motor when its cir- 
cuits are in series. The plan which I follow 
in this case is illustrated in Fig. 2. In this 
diagram the motor has twelve poles and the 
armature has polar projections D wound with 
closed coils E. The switch used is of sub- 
stantially the same construction as that 
shown inthe previous figure. Thereare, how- 
ever, five contacts, which I- have designated 
by the figures 5, 6,7,8,and 9. The motor-cir- 
cuits B C, which include alternate field-coils, 
are connected to the terminals in the follow- 
ing order: One end of circuit C is connected 
to contact 9 and to contact 5 through a dead 
resistance, I. One terminal of circuit B is 
connected to contact 7 and to contact 6 
through a self-induction coil, J. The oppo- 
site terminals of both circuits are connected 
to contact 8. 

One of the levers, as F, of the switch is made 
with an extension, f, or otherwise, so as to 
cover both contacts 5 and 6 when shifted into 
the position to start the motor. Itwill be ob- 
served that when in this position and with 
lever F” on contact 8 the current divides be- 
tween the two circuits B C, which from their 
difference in electrical character produce a 
progression of the poles that starts the motor 
in rotation. When the motor has attained 
the proper speed, the switch is shifted so that 
the levers cover the contacts 7 and 9, thereby 
connecting circuits B and C in series. I have 
found that by this disposition the motor is 
maintained in rotation in synchronism with 
the generator. This principle of operation, 
which consists in converting by a change of 
connections or otherwise a double-cireuit mo- 
tor or one operating by a progressive shifting 
of the poles into an ordinary synchronizing. 
motor may be carried out in many other 
ways. For instance, instead of using the switch 
shown in the previous figures, Т тау пѕе а 
temporary ground- circuit between the gen- 
erator and motor, in order to start the motor, 
insubstantially the manner indicated in Fig. 3. 
Let Gin this figure represent an ordinar y 
alternating-current generator with, say, two 
poles, M М”, and an armature wound with 
two eoils, N N’, at right angles and connected. 
in series. The motor has, for example, four 
poles wound with coils B C, which are con- 
nected in series and an armature with polar 
projections D wound with closed coils E E. 
From the common joint or union between the 
two circuits of both the generator and the 
motor an earth- connection is established, 
while the terminalsor ends of the said circuits 
are connected to the line. Assuming that 
the motor is a synchronizing-motor or one 
that has the capability of running in synch- 
ronism with the generator, but not of start- 
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ing, it may be started by the above-described 
apparatus by closing the evound-eonneetion 
from both generator and motor. - The system 
thus becomes one with a two-cireuit genera- 
tor and motor, the ground forming a common 
return for the currents in the two circuits L 
and L’ When by this arrangement of <ir- 
cuits the motor is brought to speed, the 
ground-connection is broken between the mo- 
tor or generator, orboth, and ground, switches 
P P’ being employed for this purpose. The 
motor then runs as a synehronizing-motor. 
In describing those features which consti- 
tute my invention [have omitted ilustrations 
of the appliances used in conjunction with 


the electrical devices of similar systems— | 
such, for instance, as driving-belts, fixed and: 


loose pulleys for the motor, and the like; but 
these are matters well understood. 
In describing my invention by reference to 


specific constructions I do not wish to be un- | 


derstood as limiting myself to the construc- 
tions shown; and in explanation of my in- 
tent in this respect I would say that I may in 
Such forms of apparatus as I have shown in 
Figs. 1 and 2 include the dead resistance and 
self-induetion coil in either circuit, or use 


only a dead resistance or a self-induetion | 


coil, as in the various ways Shown in my ap- 
plication, No. 293,052, filed December 8, 1888. 
I may also use any form of switch, whether 
manual or automatic, that will by its manipu- 


lation or operation effect the required change | 


of connections, and in order to seeure the 
necessary difference of phase in the two mo- 


tor-eireuits on starting I may employ any of | 


the known means for this purpose. 


tro-magnetie motors by alternating currents 


in any of the ways herein suggested or de- | 


scribed—that is to say, by producing a pro- 
gressive movement or rotation of. their poles 
or points of greatest magnetic attraction by 
the alternating currents until they have 
yeached a given speed, and then by the same 
currents producing a simple alternation of 


their poles, or, in other words, by a change in | 


the order or character of the circuit-connec- 
tions to convert a motor operating on one 
principle to one operating on another, for the 
purpose deseribed. 


i 





I do not claim herein of itself the method 
of or apparatus for operating a motor which 
forms a part of this invention and whieh in- 
volves the principle of varying or modifying 
the currents passing through the energizing- 
cireuits, so as to produce between such eur- 
rents a difference of phase, as these matters 
are described and claimed by me in other ap- 
plications, but with the object of securing, 
broadly, the method as a whole which I have 
herein set forth. 

What I claim is— 

1. The method of operating an alternating- 
current motor herein described by first pro- 
gressively shifting or rotating its poles or 
points of greatest attraction and then, when 
the motor has attained a given speed, alter- 
nating the said poles, as deseribed. 

2. The method of operating an electro-mag- 
netic motor herein described, which consists 
in passing through independent energizing- 
circuits of the motor alternating currents dit- 
fering in phase and then, when the motor has 
attained a given speed, alternating currents 
coinciding in phase, as described. 

3. The method of operating an electro-mag- 
netic motor herein described, which consists 
in starting the motor by passing alternating 
currents differing in phase through independ- 
ent energizing-eireuits and then, when the mo- 
tor has attained a given speed, joining the en- 
ergizing-circuits in series and passing an al- 
ternating current through the same. 

4. The method of operating a synchroniz- 
ing-motor, which consists in passing an alter- 
nating current through independent energiz- 


| ing-eireuits of the motor and introducing into 
I believe that I am the first to operate elec- | 


such circuits a resistance and self-induction 
coil, whereby a difference of phase between 
the currents in the circuits will be obtained, 
and then, when the speed of the motor synech- 
ronizes with that of the generator, with- 
drawing the resistance and self-inducetion 
coil, as set forth. 


NIKOLA TESLA. 
Witnesses: 


GEO. M. MONRO, 
Wa. TJ. LEMON. 
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SPECIFICATION forming part of Letters Patent No. 405,858, dated June 25, 1889. 
Application filed January 8, 1889, Serial No. 205,745. (No model) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, from 
Smiljan, Lika, border country of Austria- 
Hungary, a subject of the Emperor of Aus- 

5 iria, residing ab New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Electro- 
Magnetic Motors, of which the following is a 
specification, reference being had tothe draw- 

ro ings accompanying and forming a partof the 
same. 

In order to define more clearly the relations 
which the motor forming the subject of my 
present application bears to others of the 

15. class to which it pertains, I will recapitulate 
briefly the forms of alternating-current mo- 
tors invented by me and deseribed more in 
detail in my prior patents and applications. 
Of these there are two principal types or 

20 forms: first, those containing two or more en- 
ergizing-circuits through which are caused to 
pass alternating currents differing from one 
another in phase to an extent sufficient to 
produce a continuous progression or shifting 

25 of the poles or points of greatest magnetic ef- 
fect, in obedience to which the movable ele- 
ment of the motor is maintained in rotation; 
second, those containing poles or parts of dif- 
ferent magnetic susceptibility, which under 

30 the energizing influence of the same current or 
two currents coinciding in phase will exhibit 
differences in their magnetic periods or 
phases. In the firstclass of motors the torque 


is due to the magnétism established in dif-. 


35 ferent portions of the motor by currents from 
the same or from independent sources, and 
exhibiting time differences in phase. In the 
second elass the torque results from the en- 
ergizing effects of a eurrent upon. parts of 

40 the motor which differ.in magnetie suscepti- 
bility—in other words, parts which respond to 
the same relative degree to the action of a 
current, not simultaneously, but after dif- 
ferent intervals of time.. In my present in- 

45 vention, however, the torque, instead of being 
solely the result of a time difference in the 
magnetie periods or phases of the poles or at- 
tractive parts to whatever cause due, is pro- 
duced by an angular displacement of the 


50 parts which, though movable with respect to 





one another, are magnetized simultaneously, 
or approximately so, by the same currents. 
This principle of operation I have embodied 
practically in a motor in which I obtain the 
necessary angular displacement between the 55 
points of greatest magnetic attraction in the 
two elements of the motor--the armature and 
field—by the direction of the lamination of the 
magnetie eores of said elements, and thebest 
means of accomplishing this result of which 60 
Iam at present aware Ihave shown in the 
accompanying drawings. . 

Figure 1 is a side view of the motor with a 
portion of its armature-core exposed. Fig. 2 
is an end or edge view of the same. Fig. 3is 65 
a central cross-section of the same, the arma- 
ture being shown mainly in elevation. 

Let A A designate two plates built up of 
thin sections or laminse of soft iron insulated 
more or less from one another and held to- 7o 
gether by bolts a or any other suitable means 
and secured to a base B. The inner faces of 
these plates contain recesses or grooves in 
which a coil or coils D are secured obliquely to 
the direction of the laminations. Within 75 
the coils D is à disk E, preferably composed 
of a spirally-wound iron wire or ribbon or a 
series of concentric rings and mounted on a 
shaft F, having bearings in the plates A A. 
Such a device when acted upon by an alter- 8o 
nating current is capable of rotation and con- 
stitutes a motor, the operation of which I ex- 
plain in the following manner: A current or 
current-impulse traversing the coils D tends 
to magnetize the cores A A and E, all of 85 
which are within the influence of the mag- 
netic field of the coils. The poles thus es- 
tablished would naturally lie in the same line 
at right angles to the coils D, but in the plates 
A they are deflected by reason of the diree- 90 
tion of the laminations andappear at or near 
the extremities of said plates. In the disk, 
however, where these conditions are not pres- 
ent, the poles or points of greatest attraction 
аге оп а line a6 right angles to the plane of 95 
the coils; hence there will be a torque estab- 
lished by this angular displacement of the 
poles or magnetic lines, which starts the disk 
in rotation, the magnetic lines of thearmature 
and field tending toward a position of paral- 100 


IO 


15 


40 


45 


lelism. This rotation is continued and main- 
tained by the reversals of the eurrent in coils 
D D, which change alternately the polarity 
of the field-cores А A. "This rotary tendency 
or effect will be greatly increased by winding 
the disk with conductors G, closed upon them- 
selves and having a radial direction, whereby 
the magnetic intensity of the poles of the 
disk will be greatly increased by the energiz- 
ing effect of the currents induced in the coils 
G by the alternating currents in coils D. The 
plan of winding and the principle of opera- 
tion have been fully explained in my patent, 
No. 382,279, of May 1, 1888. 

The cores of the disk and field may or may 
not be of different magnetic susceptibility— 
that is to say, they may both be of the same 
kind of iron,so as to be magnetized at ap- 
proximately the same instant by the coils D; 
or one may be of soft iron and the other of 
hard,in order that a certain time may elapse 
between the periods of their magnetization. 
In either case rotation will be produced; but 
unless the disk is provided with the closed 
energizing-eoils itis desirable that the above- 
described difference of magnetice suscepti- 
bility be utilized to assist in its rotation. 

The cores of the field and armature may be 
made in various ways, as will be well under- 
stood, it being only requisite that the lamina- 
tions in cach be in such direction as to secure 
the necessary angular displacement of the 
points of greatest attraction. Moreover, since 
the disk may be considered as made up of an 
infinite number of radial arms, it is obvious 
that what is true of a disk holds, under well- 
understood conditions, for many other forms 
of armature, and my invention in this respect 
is in no sense limited to the specific form of 
armature shown. 

Tt will be understood that the specific ways 
of carrying out this invention are almost with- 
out number, and that, therefore, Ido not limit 
myself to the precise form of motor which I 
have herein shown. 

I believe that I am the first to produce ro- 
tation of an armature, at least such as could 
be utilized for any general or practicable pur- 
poses, by means of an alternating current pass- 
ing through a single coil or several coils act- 
Ing as one, and which have a direct magnet- 
izing effect upon the cores of both armature 
and field, and this I claim in its broadest sense. 

T further believe that I am the first to im- 
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part directly, by means of an alternating cur- 
rent, magnetism to the cores of the two ele- 
ments of a motor, and by the direction of the 
lamination of one or both of the same to pro- 
duce an angular displacement of the poles or 
lines of magnetic foree of. the cores, respect- 
ively. 

What I therefore claim is— 

1. An electro-magnetic motor consisting of 
& field-magnet, a rotary armature, and a sin- 
gle coil adapted to be connected to a source 
of alternating currents and to impart magnet- 
ism to both the armature and the field-magnet 
with angular displacement of the maximum 
points, as set forth. 

2. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected 
with a source of alternating currents, of a 
field-magnet and rotary armature the cores 
of which are in such relation to the coil as 
to be energized thereby and subdivided or 
laminated in such manner as to produce an 
angular displacement of their poles or the 
magnetic lines therein, as set forth. 

3. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected 
with a source of alternating currents, of field- 
magnets with laminations lying obliquely to 
the plane of said coil and a circular or disk 
armature mounted to rotate between the field- 
magnets, both field and armature being under 
the magnetizing influence of the coil, as set 
forth. 

4. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected 


with a source of alternating currents, of field-. 


magnets with laminations lying obliquely to 
the plane of the coil and a circular or disk 
armature with spiral or concentrice lamina- 
tions mounted between the field-magnets, both 
field and armature being under the magnet- 
izing influence of the coil, as set forth. 

5. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected to 
a source of alternating currents, of a field- 
magnet and a rotary armature with closed 
coils thereon, both the field and the armature 
being under the magnetizing influence of said 
coil and laminated to produce an angular dis- 
placement of the poles of the two cores. 

NIKOLA TESLA. 

Witnesses: 

EDWARD T. EVANS, 
GEORGE N. MONRO. 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 


METHOD OF ELECTRICAL POWER TRANSMISSION. 


. SPECIFICATION forming part of Letters Patent No. 405,859, dated June 25, 1889. 
` Application filed March 14,1889, Serial No. 308,251, (No model) 


To all whom tt may concern: In carrying out my present invention I con- 
Be it known that Ï, NIKOLA. TESLA, a sub- | struct a generator with two coils or sets of 
ject of the Emperor of Austria, from Smiljan, | coils and a motor with corresponding energiz- 
Lika, border country of Austria-Hungary, re- | ing coils. or sets of coils. By means of two 55 
s siding at New York, in the county and State | line-wires one terminal of each generator-coil 
of New York, have invented certain new and | or set of coils is connected to one terminal of 
useful Improvements in Methods of Electrical | its corresponding motor-coil or set of coils, 
Power Transmission, of which the following | while the opposite terminals of the generator- 
is a specification, reference being had to the | coils are joined together and likewise those of 60 
го drawing accompanying and forming a part | the motor. ` 
of the same. To start the motor I establish temporarily 
This application is for a specific method of | an electrical connection between the points of 
transmitting power electrically, shown and | connection between the coils in the generator 
described in, and covered broadly by the | and those in the motor, so that the system 65 
rs claims of, an application filed by me February | becomes an ordinary double-eireuit system 
18, 1889, No. 300,220. identieal with that deseribed in my patent, 
As is well known, certain forms of alternat- | No. 390,413, of October 2,1888, except that the 
ing-current machines have the property, when | generator and motor are constructed in any 
connected in circuit with an alternating-eur- | well-known way with a strong tendeney to 70 
20 rent generator, of running as a motor in syn- | synehronize. When by this plan of connec- 
chronism therewith; but, while the alternating | tion the motor has attained the desired speed, 
current will run the motor after it has at- | the earth-connection is severed, by which 
tained a rate of speed synchronous with that | means the system becomes an ordinary single- 
of the generator, it will not start it; hence, in | cireuit synchronizing system. 
25 all instances heretofore where these “syn- In the drawing I have illustrated this 
chronizing motors," as they are termed, have | method by a diagram. 
been run,some means have been employ ed to Let G represent an ordinary alternating-cur- 
bring the motors up to synchronism with the | rent generator having four field-poles A, per- 
generator, or approximately so, before the | manently or artificially magnetized, and an 80 
30 alternating current of the generator is applied | armature wound with two coils C connected 
to drivethem. In some instances mechanical | together in series. 


appliances have been. utilized for this pur- Let M represent an alternating-current mo- 
pose. In others special and complicated | tor with, say, four poles D, the coils on which 
forms of motor have been constructed. are connected in pairs and the pairs connected 85 


35 My present invention is an improvement in | in series. The motor-armature should have 
methods of operating these motors and in- | polar projections and closed coils E. 
volves a new and improved plan of bringing From the common joint or union between 
the motor up to the proper rate of speed, that | the two coils or sets of coils of both the gen- 
it may be run in synchronism with the gen- | erator and motor an earth-connection F is es- 90 
40 erator. tablished, while the terminals or ends of the 
The expression “synchronism with the gen- | said coils or circuits which they form are con- 
erator” is used herein in its ordinary accepta- | nected to the line-conduetors II IT. 
tion—that is to say, a motor is said to syn- Assuming that the motor is a synchronizing 
chronize with the generator when it preserves | motor, or one that has the capability of run- 95 
45 a certain relative ‘speed determined by its | ning in synchronism with the generator, but 
number of poles and the number of alterna- | not of starting, it may be started by the above- 
tions produced per revolution of the gener- | described plan by closing the ground-connec- 
ator. Its actual speed, therefore, may be | tion from both generator and motor. The 
faster or slower than that of the generator, | system thus becomes one with a two-circuit тоо 
so but it is said to be synchronous so long as it | generator and motor, the ground forming a 
preserves the same relative speed. common return for the currents in the two 





io 
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w 


wires H H. When by this arrangement of 
circuits the motor is brought to speed, the 
ground-connection is broken between the gen- 
erator or motor or both and ground, switehes 
K K being employed for this purpose. The 
motor then runs as a synchronizing motor. 

This system is capable of various useful ар- 
plications which it is not necessary to describe 
in detail; but it will be enough to say that the 
convertibility of the system from double cir- 
cuit to single circuit is a feature in itself of 
great value and utility. 

I do not wish to be understood as confining 
myself to the precise arrangement or order of 
connections herein set forth, as these may be 
obviously varied in many respects. 

What I claim is-— 

1. The method of operating synchronizing 
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motors herein described, which consists in 
electrically connecting intermediate points of 
the inducing-circuit of the generator and the 
energizing-cireuit of the motor until the motor 
has reached a desired speed and then inter- 
rupting such conneetion, as set forth. 

3. 'The method herein deseribed of starting 
or operating synchronizing motors, which con- 
sists in electrically connecting intermediate 
points of the inducing-cireuit of the generator 
and the energizing-eireuit of the motor to 
earth until the motor has reached the desired 
speed and then interrupting cither or both of 
the ground-connections, as set forth. 

NIKOLA TESLA. 

Witnesses: 

EDWARD T. EVANS, 
E. C. UPSTILL. 
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SPECIFICATION forming part of Letters Patent No. 400,968, dated July 16, 1889. 
Application filed March 23, 1889. Serial No,304,498. (No model) 


To all whom it may concern: 
Be it known that I, NIKOLA TESLA, from 


‘Smiljan, Lika, border country of Austria- 


Hungary, a subject of the Emperor of Austria, 
and aresidentof New York, in the county and 
Stateof New York, have invented certain new 
and useful Improvements in Dynamo or Mag- 
neto Electric Machines, of which the following 
is a specification, reference being had to the 
accompanying drawings. 

This invention relates to that class of elec- 


“trical generators known as “unipolar,” in 
о ? 


which a disk or cylindrical conductor is 
mounted between magnetic poles adapted to 
produce an approximately-uniform field. In 
the first-named or disk armature machines the 
currents induced in the rotating conductor 
flow from the center to periphery, or con- 
versely, according to the direction of rotation 
or the lines of force as determined by the 
sions of the magnetic poles, and these currents 
are taken off usually by connections or brushes 
applied to the disk at points on its periphery 
and near its center. In the case of the ey- 
lindrical armature-machine the currents de- 
veloped in the cylinder are taken off by 
brushes applied to the sides of the cylinder at 
its ends. 

Tn order to develop economically an electro- 
motive force available for practicable pur- 
poses, it is necessary either to rotate the con- 
ductor at a very high rate of speed or to use a 


-disk of large diameter or cylinder of great 


length; but in either case it becomes difficult 
to secureand maintain a good electrical con- 
nection between the collecting-brushes and 
the conductor, owing to the high peripheral 
speed. 

It has been proposed to couple two or more 
disks together’in series with the object of ob- 
taining a higher electro-motive force; but 
with the connections heretofore used and us- 
ing other conditions of speed and dimension 
of disk necessary to securing good practicable 
results this difficulty is still felt to be a seri- 
ous obstacle to the use of this kind of gener- 
ator. These objections I have sought to avoid; 
and for this purpose I construct a machine 
with two fields, each having a rotary conductor 





mounted between its poles, but the same prin- 
ciple is involved in the ease of both forms of 
machine above described, and as I prefer to 
use the disk form I shall confine the deserip- 
tion herein to that machine. The disks are 
formed with flanges, after the manner of pul- 
leys, and are connected together by flexible 
conducting bands or belts. 

-I prefer to construct the machine in such 
manner that the direction of magnetism or 
order of the poles in one field of force is oppo- 
site to that in the other, so that rotation of the 
disks in the same direction develops a eurrent 
in one from center to circumference and in the 
other from circumference tocenter. Contacts 
applied therefore to the shafts upon which the 
disks are mounted form the terminals of a 
circuit the electro-motive force in which is 
the sum of the electro-motive forces of the two 
disks. 

J would call attention to the obvious fact 
that if the direction of magnetism in both 
fields be the same the same result as above 
will be obtained by driving the disks in op- 
posite directions and crossing the connect- 
ing-belts. In this way the difficulty of se- 
curing and maintaining good contact with 
the peripheries of the disks is avoided and a 
cheap and durable machine made which is 
useful for many purposes—such as for an ex- 
citer for alternating-current generators, for a 
motor, and for any other purpose for which 
dynamo-machines are used. 

The specific construction of the machine 
which I have just generally described I have 
illustrated in the accompanying drawings, in 
which— ` 

Figure 1 isa side view, partly in section, of 
my improved machine. Fig. 2 isa vertieal 
section of the same at right angles to the 
shafts. . 

In order to form a frame with two fields of 
force, I cast a support A with two pole-pieces 
BB’ integral with it. To thisI join by bolts E 


a casting D, with two similar and correspond- 
ing pole-pieces C C’. The pole-pieces B B’ 
are wound or connected to produce a field of 
force of given polarity,and the pole-pieces 
C C' are wound or connected to produce a 
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field of opposite polarity. The driving-shafts 
T G pass through the poles and are journaled 
in insulating-bearings in the casting A D, as 
shown, 

ИК arethedisksor generating-conduetors. 
They are composed of eopper, brass, or iron 
and are keyed or secured to their respective 
shafts. They are provided with ‘broad pe- 
ripheral flanges J. Itis of course obvious that 
the disks may be insulated from their shafts, 
if so desired. A flexible metallic belt L is 
passed over the flanges of the two disks, and, 
if desired, may be used to drive one of the 
disks. I prefer, however, to use this belt 
merely as a conductor, and for this purpose 
may use sheet steel, copper, or other suitable 
metal. Each shaft is provided with a driving- 
pulley M, by which power is imparted from a 
counter-shaft. 

N N are the terminals. For sake of clear- 
ness they are shown as provided with springs 
P, that bear upon the ends of theshafts. This 
machine, if self-exeiting, would have copper 
bands around its poles, or conductors of any 
kind—sueh as the wires shown in the draw- 
ings—may be used. . 

Ido not limit my invention to the special 
construction herein shown. For example, it 
is not necessary thatthe parts be constructed 
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in one machine or that the materials and pro- 
portions herein given be strictly followed. 
Furthermore, it is evident that the conduct- 
ing belt or band may be composed of several 
smaller bands and that the principle of con- 
nection herein described may be applied to 
more than two machines. 

What I claim is— 

1. Ап electrical generator consisting of the 
combination, with two rotary conductors 
mounted in unipolar fields, of a flexible con- 
duetor or belt passing around the peripheries 
of said conduetors, as herein set forth. 

2. The combination, with two rotary 
dueting-disks having peripheral flanges and 
mounted in unipolar fields, of a flexible con- 
ducting belt or band passing around the 
flanges of both disks, as set forth. 

3. The combination of independent sets of 
field-magnets adapted to maintain unipolar 
fields, conducting-disks mounted to rotate in 
said fields, independent driving mechanism 
for each disk, and a flexible conducting belt 
or band passing around the peripheries of the 
disks, as set forth. | 


con- 


NIKOLA TESLA. 
Witnesses: 
PARKER W. PAGE, 
Rost. F. GAYLORD. 
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METHOD OF OBTAINING DIRECT FROM ALTERNATING CURRENTS. 


SPECIFICATION forming part of Letters Patent No. 413,858, dated October 22, 1889. 


Application filed June 12,1889, 


Serlal No, 314,069. (о model.) 


To ali whonvw Zé nw concern: 

Be it known that I, NIKOLA. TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria - Hungary, 

5 temporarily residing in New York city,in the 
State of New York, have invented a certain 
new and useful Improvement in Methods of 
Obtaining Direct from Alternating Currents, 
of which the following is a specification, ref- 

xo erence being had to the drawings accompany- 
ing and forming a part of. the same. 


in nearly all the more important industrial | 


applieations of electricity the current is pro- 


duced by dynamo-eleetrie machines driven by · 


13 power, in the coils of which the currents de- 
veloped are primarily in reverse directions 
or alternating; but as very many electrical de- 
vices and systems require direct currents, it 
has been usual to correct the current alter- 
nations by means of a commutator, instead 
of taking them off directly from the generat- 
ing-coils, 

The superiority of alternating-current ma- 
chines in ail cases where their currents can 
be used to advantage renders their employ- 
_ment very desirable, as they may be much 
more economically constructed and operated; 
and the object of this my present invention 
is to provide means for directing or convert- 
ing at will at one or more points in a circuit 
alternating into direct currents. 

Stated as broadly as I am able to express 
it, my invention consists in obtaining direct 
from alternating currents, or in directing the 
waves of an alternating current so as to pro- 
duce direct or substantially direct currents 
by developing or producing in the branches 
of a circuit including a source of alternating 
currents, either permanently or periodically, 
до апа by electric, electro-magnetic, or magnetic 
agencies, manifestations of energy, or what 
may be termed active resistances of oppo- 
site electrical. character, whereby the cur- 
rents or current-waves of opposite sign will 
be diverted through different circuits, those 
of one sign passing over one brauch and those 
of opposite sign over another. ` 

i may consider herein only the ease of a 
circuit divided into two paths, inasmuch as 
any further subdivision involves merely an 
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| extension of the general principle. Selecting, 
then, any circuit through which is flowing an 
alternating current, I divide such circuit at 
any desired pointinto two branches or paths. 

In one of these paths I insert some device to ss 
create an electro-motive force counter to the 
waves or impulses of current of one sign and 

a similar device in the other branch which 
opposes the waves of opposite sign. Assume, 
for exainple, that these devices are batteries, бо 
primary or secondary, or eontinuous-eurrent 
dynamo-machines. The waves or impulses of 
opposite direction composing the main current 
have a natural tendeney to divide between the 
two branches; but by reason of the opposite 65 
| electrical, character or effect of the two 
branches one will offer an easy passage to a 
current of a certain direction, while the other 
will offer a relatively high resistance to the 
passage of the same eurrent. -The result of 70 
this disposition is, that the waves of cur- 
rent of one sign will, partly or wholly, pass 
over one of the paths or branches, while those 

of the opposite sigr pass over the other. 
There may thus be obtained from an alter- 75 
: nating current two or more direct currents 
without the employment of any commutator 
such as it has been heretofore regarded as 
necessary. to use. The current in either* 
branch may be used In the same way and 8o 
for the same purposes as any other direct 
current—that is, it may be made to charge 
secondary batteries, energize electro-magnets, 
or for any other analogous purpose. 

In the drawings [have illustrated some of 
the various ways in which I may carry out 
this invention. | . 

The several figures are diagrammatic in 
character, and will be deseribed in detail in 
their order, 

Figure 1 represents a plan of directing the 
alternating currents by means of devices 
purely electrical in character. Figs. 2, 3, 4, 
5, 6, and' 7 are diagrams illustrative of other 
ways of carrying out the invention, which 
wil be hereinafter more partieularly de- 
scribed. 

In Fig. 1, A designates a generator of alter- 
nating currents, and B B the main or line 
circuit therefrom., At any given point in тоо 
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this circuit at or near which it is desired to 
obtain direct currents I divide the circuit B 
into two paths or branches C D. In each of 
these branches I place an electrical generator, 
which for the present we will assume pro- 
duces direct or continuous currents. The 
direetion of the current thus produced is op- 
posite in one branch to that of the current in 
the other branch, or, considering the two 
branches as forming a closed circuit, the gen- 
erators E F are connected up in series there- 
in, one generator in each part or half of the 
circuit. The electro-motive force of the cur- 
rent sources E and F may be equal to or 
higher or lower than the electro-motive forces 
in the branches C D or betwegn the points X 
and Y of the circuit B B. If equal, it is evi- 
dent that current-waves of one sign will be 
opposed in one branch and assisted in the 
other to such an extent that all the waves of 
one sign will pass over one branch and those 
of opposite sign over the other. If, on the 
other hand, the electro-motive force of the 
sources E F be lower than that between X 
and Y, the eurrents in both branches will be 
alternating, but the waves of one sign will 
preponderate. One of the generators or 
sources of current E or F may be dispensed 
with; butit is preferable to employ both, if 
they offer an appreciable resistance, as the 
two branches will be thereby better balanced. 
The translating or other devices to be acted 
upon by the current are designated by the let- 
ters G, and they are inserted in the branches 
C D in any desired manner; but in order to 


. better preserve an even balance between the 


branches due regard should be had to the 
number and character of the devices, as will 
be well understood. | 

Figs. 2, 3, 4, and 5 illustrate what may be 
termed “ electro-magnetic” devices for accom- 
plishing a similar result—that is to say, in- 
stead of producing directly by a generator an 
electro-motive force in each branch of the cir- 
cuit, I may establish a field or fields of force 
and lead the branches through the same in 
such manner that an active opposition of op- 
posite effect or direction will be developed 
therein by the passage or tendency to pass of 
the alternationsof current. In Fig. 2, for ex- 
ample, A is the generator of alternating cur- 
rents, B B the line-cireuit, and C D the 
branches over which the alternating currents 
are directed. In each branch I include the 
secondary of a transformer or induction-coil, 


which, since they correspond in their func- 


tions to the batteries of the previous figure, I 
have designated by the letters EF. The pri- 
maries H H’ of the induction-coils or trans- 
formers are connected either in parallel or 
series with a source of direct or continuous 
currents I, and the number of convolutions is 
so caleulated for the strength of the current 
from I that the cores J J’ will be saturated. 
The connections aresuch that the conditions 
in the two transformers are.of opposite char- 


_ acter—that is to say, the arrangement is such 





that a current wave or impulse corresponding 
in direction with that of the direct current in 
one primary, as H, is of opposite direction to 
that in the other primary H’; hence it results 
that while one secondary offers à resistance 
or opposition to the passage through it of a 
wave of onesign the other secondary simi- 
larly opposes a wave of opposite sign. In 
consequence the waves of one sign will, to a 
greater or less extent, pass by way of one 
branch, while those of opposite sign in like, 
manner pass over the other branch. 

In lieu of saturating the primaries by a. 
source of continuous current, I may include 
the primaries in the branches C D, respect- 
ively, and periodically short-circuit by any 
suitable mechanical devices—such as an or- 
dinary revolving commutator—their seconda- 
ries. Itwill be understood of course that the 
rotation and action of the commutator must 
be in synehronism or in proper aecord with 
the periods of the alternations in order to se- 
eure the desired results. Such a disposition 
I have represented diagrammatically in Fig. 
3. Corresponding to the previous figures, A 
is the generator of alternating currents, B B 
the line, and C D the two branches for the di- 
rect currents. In branch C are included two 
primary coils E E’, and-in branch D are two 
similar primaries F F’. The corresponding’ 
secondaries for these coils and which are on 
the same subdivided cores J or J’ are in cir- 


‘cuits the terminals of which connect to op- 


posite segments K K’ and L L’, respectively, 
of a commutator. Brushes bb bear upon the 
commutator and alternately short-circuit the 
plates K and K’ and L and L’ through a con- 
nection с. It is obvious that either thé mag- 
nets and commutator or the brushes may re- 
volve. 

The operation will be understood from a 
consideration of the effects of closing or short- 
circuiting the secondaries. For example, if 
at the instant when a given wave of current: 
passes one set’ of secondaries be short-cir- 
cuited, nearly all the current flows through 
the corresponding primaries; but the second- 
aries of the othey branch being open-circuited 
the self-induction in the primaries is highest, 
and hence little orno current will pass through 
that branch. If,as the current alternates, the 
secondaries of the two branches are alter- 
nately short-circuited, the result will be that 
the currents of one sign pass over one branch 
and those of the opposite sign over the other. 
The disadvantages of this arrangement, which 
would seem to result from the employment of 
sliding contacts, are in reality very slight, in- 
asmuch as the electro-motive force of the 
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secondaries may be made exceedingly low, so 


that sparking at the brushes is avoided. 


Fig. 4 is a diagram, partly in section, of an- . 


other plan of carrying out the invention. The 
circuit B in this case is divided, as before, and 
each branch includes the coils of both the 
field and revolving armatures of two induc- 
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tion devices. The armatures O P are prefer- .. 





IO 


15 


20 


t 


30 


Qə 
Сал 


40 


50 


Go 


65 


coils N’. 


413,353 


ably mounted on the same shaft, and are ad- 
justed relatively to one another in such man- 
ner that when the self-induction in one branch, 
as C, is maximum in the other branch D itis 
minimum. The armatures are rotated in 
synchronism with the alternations from the 
source A. The winding or position of the 
armature-coils is such that a currentina given 
direction passed through both armatures 
would establish in one poles similar to those 
in the adjacent poles-of the field and in the 
other poles unlike the adjacent field-poles, as 
indicated by n n s sin the drawings. Ifthe 
like poles are presented, as shown in circuit 
D, the ‘condition is that of a closed secondary 
upon a primary, or the position of least in- 
ductive resistance; hence a given alternation 
of eurrent will pass mainly through D. A 
half-revolution of the armatures produces an 
opposite effect, and the succeeding current im- 
pulse passes through C. Using this figure as 
an illustration, it is evident that the fields N 
M may be permanent magnets or independ- 
ently excited and the armatures O P driven, 
as in the present ease, so as to produce alter- 
nate eurrents, which will set up alternately 
impulses of opposite direction in the two 
branches D C, which in such ease would in- 
elude the armature-circuits and translating 
devices only. 

In Fig. 5 a plan alternative with that shown 
in Fig. 3 is illustrated. In the previous case 
illustrated each branch C and D contained 
one or more primary coils, the secondaries of 


which were periodically short-circuited in. 


synchronism with the alternations of current 
from the main source A, and for this purpose 
a commutator was employed. The latter 
may, however, be dispensed with and an ar- 
mature with a closed coil substituted. 

Referring to Fig. 5,in one of the branches, 
as C, are two coils M, wound on laminated 
cores, and in the other branehes D are similar 
A subdivided or laminated arma- 
ture O’, carrying a closed coil R’, is rotatably 
supported between the coils M’ N’,as shown. 
In the position shown—that is, with the coil 
R’ parallel with the convolutions of the pri- 
maries N’ M’—practically the whole current 
will pass through branch D, because the self- 
induction in coils AV’ M’ is maximum. If, 
therefore, the armature and coil be rotated 
at a proper speed relatively to the periods or 
alternations of the source A, the same results 
are obtained as in the case of Fig. 8. 

Fig. 6 is an instanceof what may be called, 
in distinction to the others, a “magnetic” 
means of securing the results arrived atin 
this invention. V and W are two strong 
permanent magnets provided with armatures 
V^. respectively. Thearmatures are made 
of thin laminse of soft iron or steel, and the 
amount of magnetic metal which they con- 
tain is so calculated that they willbe fully or 
nearly saturated by the magnets. Around 
the armatures are coils E F, contained, re- 
spectively, in the circuits C and D. The 


| connections and electrical conditions in this 
| case are similar to those in lig. 92, exeept 
| that the eurrént soureeIof Fig.2is dispensed 
i with and the saturation of the core of coils 
: E F obtained from the permanent magnets. 
In the illustrations heretofore given f have 
in each instance shown the two branches or 
paths containing the translating or induction 
devices as in derivation one tothe other; but 
this is not always necessary. Fer example, 
in Fig. 7, A is an alternating-current genera- 
tor; B B, the line wires or circuit. At any 
given point in the circuit I form two paths, 
as D D’, and at another point two paths, as 
CO, Either pair or group of paths is simi- 
lar to the previous dispositions with the elec- 
| trical source or induction device in one 
branch oniy, while the two groups taken to- 
gether form the obvious equivalent of the 
савез in which an induction device or gener- 
ator is included in both branches. In one 
of the paths, as D, are included the de- 
vices to be operated by the current. In the 
other branch, as D’, is an induction. device 
that opposes the current impulses of one di- 
rection anc directs them through the branch 
D. So, also, in branch C are translating de- 
vices Сб, and in branch С” ал induetion de- 
vice or its equivalent that diverts through C 


‘verted by the device in branch D^. I have 
also shown a special form of induction de- 
vice for this purpose. J J’ are the cores, 
formed with pole-pieces, npon which are 
wound the eoiis M N. Between these pole- 
pieces are mounted at right angles to one an- 
other the magneticarmatures O P, preferably 
mounted on the same shaft and designed to 
be rotated in synchronism with the alterna- 
tions of current. When one of the arma- 
tūres is in line with- the poles or in the posi- 
tion occupied by armature P, the magnetic 
cireuit of the induction device is practically 
closed; hence there will be the greatest oppo- 
sition to the passage of a current through 
coils N N. The alternation will therefore 
pass by way of branch D. At the same time, 
the magnetic circuit of the other induction 
device being broken by the position of the 
armature O, there will be less opposition to 
the current in coils M, which will shunt the 
current from branch С. A reversal of the 
current being attended by a shifting of the 
armatures, the opposite effect is produced. 
There are many other modifications of the 
means or methods of carrying out my inven- 
tion; but I have not deemed it necessary here- 
in £o specifically refer to more than those de- 
seribed, as they involve the chief modifiea- 
tions of the plan. In all of these it will be 


observed that there is developed in one or. all 
of the branches of a circuit from a source of 
alternating currents an active (as distin- 
guished from a dead) resistance or opposi- 
tion to the currents of one sign, for the pur- 
| pose of diverting the currents of that sign 
through the other or another path, but per- 
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" mitting the currents of opposite sign to pass 


without substantial opposition. 

Whether the division of the currents or 
waves of eurrent of opposite sign be effected 
with absolute precision or not is immaterial 
to my invention, since it will be sufficient if 
the waves are only partially diverted or di- 
rected, for in such ease the preponderating 
influence in each branch of the circuit of the 
waves of one sign secures the same practical 
results in many if not all respects as though 
the current were direct and continuous. 

An alternating and direct current have 
been combined so that the waves of one di- 
rection or sign were partially or wholly over- 
come by the direct current; but by this plan 
only one set of alternations are utilized, 
whereas by my system the entire current is 
rendered available.. By obvious applications 
of this discovery I am enabled to produce a 
self-exciting alternating dynamo, or to oper- 
ate direct-current meters on alternating-cur- 
rent circuit, or to run various devices—such 
as are lamps—by direct currents in the same 
circuit with incandescent lamps or other de- 
vices run by alternating currents. 

It will be observed that if an intermittent 
counter or opposing force be developed in the 
branches of. the cireuit and of higher electro- 
motive force than that of the generator an 
alternating current will result in each branch, 
with the waves of one sign preponderating, 
while a constantly or uniformly acting oppo- 
sition in the branches of higher electro-mo- 
tive force than the generator would produce 
a pulsating current, which conditions would 
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be under some circumstances the equivalent 
to those I have previously described. 

What I claim as my invention is— 

1. The method herein set forth of obtain- 


ing direct from alternating currents, which 


consists in developing or producing in one 
branch of a circuit from an alternating-cur- 
rent source an active resistance to the cur- 
rent impulses of one direction, whereby the 
said currents or waves of current will-be di- 
verted or directed through another branch. 

2. The method of obtaining direct from al- 
ternating currents, which consists in divid- 
ing the path of an alternating current into 
branches, and developing in one of said 
branches, either permanéntly or periodically, 
an electrical force or active resistance coun- 
ter to or opposing the currents or current- 
waves of one sign, and in the other brancha 
force counter to or opposing the currents or 
current-waves of opposite sign, as set forth. 

3. The method of obtaining directfrom al- 
ternating currents, which consistsin dividing 
the path of an alternating current into 
branches, establishing fields of force and 
leading the said branches through the said 
fields of force in such relation to the lines of 
force therein that the impulses of current of 
one direction will be opposed in one branch 
and those of opposite direction in the other, 
as set forth. 


NIKOLA TESLA. 
Witnesses: 
Rost. F. GAYLORD, 
F. B. MURPHY. 
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UNITED STATES 


NIKOLA TESLA, OF NEW YORK, N. Y. 


PATENT OFFICE. 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 416,191, dated December 3, 1889, 
Application filed May 20,1 1889, Serial No. 311,413, (No model.) 


To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
companying and forming a part of the same. 
This invention pertains to that class of elec- 
tro-magnetic motors invented by me in which 
two or more independent energizing-circuits 
are employed, and through whicha lternating 
currents differing in phase are passed to pro- 
duce the operation or rotation of the motor. 
.. One of the general ways which I have fol- 
lowed in earrying out this invention is to pro- 
duce practically independent currents differ- 
ing primarily in phase and pass these through 
the motor-cireuits. Another way is to pro- 
duce a single alternating current, to divide it 
between the motor-cireuits, and to effect arti- 
ficiaily a lag in one of.the said cireuits or 
branehes,as by givingtothe circuits different 
self-inductive capacity, and in other ways. 
In the former case, in which the necessary 
difference of phase is primarily effected in 
the generation of currents, I have, in some in- 
stances, passed the currents through the en- 
ergizing-coils of both elements of the motor— 
the field and armature; but I have made the 
discovery that a new and useful result is or 
may be obtained by doing this under the con- 
ditions hereinafter specified in the case of 
motors in which the lag, as above stated, is 
artificially secured. In this my present in- 
vention resides. 

In illustration of the nature of this inven- 
tion I shall refer to the accompanying draw- 
ings, in which— 

Fig ures 1 to 6, inclusive, are diagrams of dif- 
ferent ways in ‘which the invention is or may 
be carried out; and Fig. 7, a side view of a 
form of motor which I have used for this 
purpose. | 

The diagrams in detail will be deseribed 
separately. 

А В in Fig. 1 indicate the two energizing- 
circuits of a motor, and © D two circuits on 
the armature. Circuit or coil A is connected 





in series with circuit or coil ©, and the two 
circuits B D are similarly connected. Be- 
tween coils A and C is a contact-ring e, form- 
ing one terminal of the latter, and a brush q, 
forming one terminal of the former. A ring 
d and brush c similarly connect coils B and 
D. The opposite terminals of the field-coils 
connect to one binding-post 2 of the motor, 
and those of the armature-coils are similarly 
connected to the opposite binding-post 2 
through a contact-ring f and brush g. 
each motor-eireuit while in derivation to the 
other ineludes one armature and one field- 
coil. These circuits are of different self-in- 
duction, and may be madeso in various ways. 
For the sake of clearness I have shown in one 
of these circuits an artificial resistance R 
and in the other a self-induetion coil S. 
When an alternating current is passed 
through this motor it divides between its two 
energizing-circuits. The.higher self-induc- 
tion of one circuit produces a greater retarda- 
tion or lag in the current therein thanin the 
other. The difference of phase between the 
two currents effects the rotation or shifting of 
the points of maximum magnetic effect that 
secures the rotation of thearmature. In cer- 
tain respects this plan of including both 
armature and field coils in circuit isa marked 
improvement. Such a motor has a good 
torque at starting; yetithas also considerable 
tendency to synchronism, owing to the fact 
that when properly constructed the maximum 
magnetic effects in both armature and field 
coincide—a condition which in the usual con- 
struction of these motors with closed arma- 
ture-eóils is not readily attained. The motor 
thus constructed exhibits, too, a better regu- 
lation of current from no load to load, and 
there is less difference between the apparent 
and real energy expended inrunning it. The 
true synchronous speed of this form of motor 
is thatof the generator when both are alike— 
thatis to say, if the number of the coils on 
the armature and on the field is c, the motor 
will run normally at the same speed as a gen- 
erator driving it if the number of field-mag- 
nets or poles of the same be also a. 

Fig. 2 shows a somewhat modified arrange- 
ment of circuits. Thereisin this case but one 


armature-coil E, the winding of which main- 
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tains effects corresponding to the resultant 
poles produced by the two field-eircuits. 

Fig. 8 represents a disposition in which 
both armature and field are wound with two 
sets of coils, all in multiple are to the line or 
main circuit. The armature-coils are wound 
to correspond with the field-coils with respect 
to their self-induction. A modification of 
this plan is shown in Fig. 4—that is to say, 
the two field-coils and two armature-coils are 
in derivation to themselves and in series with 
oneanother. The armature-coils in this case, 
as in the previous figure, are wound for dif- 
ferent self-induction to correspond with the 
field-coils. 

Another modification is shown in Fig. 5. 
In this ease only one armature-eoil, as D, is 
included in the line-vireuit, while the other, 
as C, is short-circuited. 


In such a disposition as that shown in Fig. | 


2, or where only one armature-coil is em- 
ployed, the torque on the start is somewhat 
reduced, while the tendency to synchronism 
issomewhatincreased. Insuch a disposition, 
as shown in Fig. 5, the opposite conditions 
would exist. In both instances, however, 
there is the advantage of dispensing with one 
contact-ring. 

In Fig. 5 the two field-coils and-the arma- 
ture-coil D are in multiple are. In Fig. 6 


this disposition is modified, coil D being 
shown in series with the two field-coils. 

Fig. 7 is an outline of the general form ot J: 
motorin whieh I have embodied this improve- 
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ment. 'fhe circuit-connections between the 
armature and field coils are made, as indi- 
cated in the previous figures, through brushes 
and rings, which are not shown. 

In the above description I have made use 
of the terms “armature” and “field;” but it 
will be understood that these are in this ease 
convertible terms, for what is true of the 
field is equally so of the armature, except that 
one is stationary, the other capable of rota- 
tion. 

I donot claim in this application the.method 
or means of operating adouble-circuit motor 
by making its circuits of different self-induc- 
tion or in any way retarding the phases of 
current in one circuit more than in another, 
having made these features subject of other 
applications; but : 

What I elaim is— | 

1. Inanalternating-current motor, the com- 
bination, with field-cireuits of different self- 
inductive capacity, of corresponding arma- 
ture-circuits electrically connected therewith, 
as set forth. 
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2. Inanalternating-current motor, the com- 


bination, with independent field-coils of dif- 
ferent self-induction, of independent arma- 


'ture-eoils, one or more in eireuit with the 


field-eoils and the others short-circuited, as set 
forth. 
NIKOLA TESLA. 
Witnesses: 
ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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50 tor I close the shunt around the armature- 
coils, which will therefore be in closed cir- 
cuit. When the current is directed through 
the motor, it divides between the two circuits, 
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Lo alt whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 

5 a-resident of New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Operating Electro-Magnetic Motors, of which 
the following is a specification, reference be- 

10 ing had to the drawings accompanying and 
forming a part of the same. 

In a patent granted to me April 16, 1889, 
No. 401,520, I-have shown and described a 
method of starting and operating synchro- 

15 nizing motors whichinvolved the transforma- 
tion of the motor from a torque to a synchro- 
nizing motor. This I have heretofore done 
by a change of the circuit-connections, where- 
by on the start the poles or resultant attrac- 

20 tion of the field-magnets of the motor were 
shifted or rotated by theaction of the current 
until the motor reached synchronous speed, 
after which the poles were merely alternated. 
The present application is based upon another 

25 way of accomplishing this result, the main 
features being as follows: If an alternating 
eurrent be passed through the field-eoils only 
of a motor having two energizing-cireuits of 
different self-induction and the armature- 

30 coils be short-circuited, the motor will havea 
strong torque, but little or no tendency to 
synehronism with the generator; but if the 
same current which euergizes the field be 
passed also through the armature-coils the 

35 tendency to remain in synchronism is very 
considerably increased. This is due to the 
fact that the maximum magnetic effects pro- 
duced in the field and armature more nearly 
coincide. This principle discovered by me I 

40 have utilized in the operation of motors. In 
other words, I construct a motor having in- 
dependent field-circuits of different self-in- 
duction, which are joined in derivation to a 
source of alternating currents. The arma- 

45 ture I wind with one or more coils, which are 
connected with the field-coils through contact 
rings and brushes, and around the armature- 
coils I arrange a shunt with means for open- 
ing orclosing the same. In starting this mo- 
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(itis not necessary to consider any case where 
there are more than two circuits used,) which, 55 
by reason of their different self-induction, 
secure a difference of phase between the two 
currents in the two branches that produces 

a shifting or rotation of the poles. By the 
alternations of current other currents are 60 
induced in the closed—or short-cireuited— 
armature-coils and the motor has a strong 
torque. When the desired speed is reached, 
the shuntaround the armature-coils is opened 
and the current directed through both arma- 65 
ture and field coils. Under these condi- 
tions the motor has a strong tendency to 
synchronism. 

In the drawings hereto annexed I have 
illustrated several modifications of the plan 70 
above set forth for operating motors. The 
figures are diagrams, and will be explained 
in their order. 

Figure 1: A and B designate the field-coils 
of the motor. Asthe circuits including these 75 
coils are of different self-induction, J have 
represented this by a resistance-coil R in cir- 
cuit with A, and a self-induetion coil S in cir- 
cuit with B. The same result may of course 
be secured by the winding of the coils. C is 8o 
the armature-circuit, the terminals of which 
are rings ab. Brushes e d bear on these 
rings and eonneet with the line and field 
circuits. D is the shunt or short circuit 
&round the armature. Eisthe switeh there- 85 
in. 'Theoperation of these devices I have 
stated above. 

It will be observed thatin such a disposi- 


‘tion as is illustrated in Fig. 1, the field-cir- 


cuits A and B being of different self-induc- 9o 
tion, there will always be a greater lag of 
the current in one than the other, and 
that, generally, the armature phases will not 
correspond with either, but with the result- 
antof both. Itis therefore important to ob- 95 
serve the proper rule in winding the arma- 
ture. For instance, if the motor have eight 
poles—four in each circuit—there will be four 
resultant poles, and hence the armature-wind- 
ing should be such as to produce four poles, 100 
in order to constitute a true. synchronizing 
motor. 

Fig 2: This diagram differs from the pre- 
vious one only in respect to the order of con- 
nections. In the present case the armature- 105 
coil, instead of being in series with the field- 
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eoils, is in multiple are therewith. "The ar- 
mature-winding may be similar to that of the 
field—that is to say, the armature may have 
two or more coils wound or adapted for dif- 
ferent self-induction and adapted, prefera- 
bly, to produce the same difference of phase 
as the field-coils. On starting the motor the 
shunt is closed around both coils. This is 
shown in Fig. 3, in which the armature-coils 
are F G. To indicate their different elec- 
trical character, I have shown in circuit with 
them, respectively, the resistance R’ and the 
selt-induetion eoil S^. The two armature coils 
are in series with the field-coils and the same 
disposition of the shunt or short circuit D is 
used. Itisofadvantagein theoperation of mo- 
tors of this kind to construct or wind the arma- 
ture in such manner that when short-circuited 
on the startit will have a tendency to reach a 
higher speed than that which synchronizes 
with the generator. Forexample, a given mo- 
tor having, say, eight poles should run, with 
the armature-coil short-circuited, at two thou- 
sand revolutions per minute to bring it up to 
synchronism. It will generally happen, how- 
ever, that this speed is not reached, owing to 
the fact that the armature and field currents 
do not properly correspond, so that when the 
current is passed through the armature (the 
motor not being quite up to synchronism) 
there is a liability that it would not “hold 
on,” as it is termed. JI therefore prefer to so 
wind or construct the motor that on the start, 
when the armature-coils are short-circuited, 
the motor will tend to reach a speed higher 
thanthesynchronous—as,forinstanee, double 
the latter. In such ease the difficulty above 
alluded to is not felt, for the motor will al- 
ways hold up to synchronism if the synch- 
ronous speed--in the case supposed of two 
thousand revolutions—is reached or passed. 
This may be accomplished in various ways; 
but for all practical purposes the following 
will suffice: I wind on the armature two sets 
of coils. On the start I short-circuit one only, 
thereby producing a number of poles on the 
armature, which will tend to run the speed up 
above the synchronous limit. When such 
limit is reached or passed, the current is di- 


rected through the other coil, which, by in-. 


creasing thenumber of armature-poles, tends 
to maintain synchronism. In Fig. 4 such a 
disposition is shown. The motor having, 
say, eight poles contains two field-circuits A 
and B, of different self-induction. The arma- 
ture has two coils F and G. The-former. is 
closed upon itself, the latter connected with 


: the field and line through eontaet-rings a b, 


60 


brushes c d, and a switch E. On the start 
the coil F alone is activeand the motor tends 
to run at a speed above the synchronous; but 
when the coil G is connected to the circuit 
the number of armature-poles is increased, 


- while the motor is made a true synchronous 


65 


motor. 'This disposition has the advantage 
that the elosed armature-cireuit imparts to 
the motor torque when the speed falls off, but 
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at the same time the conditions are such that 
the motor comes out of synchronism more 
readily. ‘To increase the tendency to synch- 
ronism, two circuits may be used on the arma- 
ture, one of which is short-circuited on the 
start and both connected with the external 
circuit after the synchronous speed is reached 
or passed. This disposition is shown in Fig. 
5. There are three contact-rings a b e and 
three brushes c d f, which connect the arma- 
ture-circuits with the external circuit. On 
starting, the switch H is turned to complete 
the connection between one binding-post P 
and the field-coils. This short-circuits one 
of the armature-coils, as G. The other coil 
F is out of circuit and open. When the 
motor is up to speed, the switch H is turned 
back, so that the connection from binding- 
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85 


post P to the field-coils is through the coil . 
G, and switch K is closed, thereby including ` 


coil F in multiple are with the field-coils. 
Both armature-coils are thus active. 

From the above-described instances it is 
evident that many other dispositions for car- 
rying out the invention are possible. 

I do not claim herein the method and 
means described and shown for operating.a 
motor by producing artificially a difference 
of current phase in its independent ener- 
gizing-citeuits; nor do I claim, broadly, a 
motor having independent energizing - cir- 
cuits of different self-induction and arma- 
ture-circuits connected therewith, as these 
features are made subjects of other applica- 
tions which I have filed. 

What I claim is— 

1. The method herein described of operat- 
ing alternating-current motors having inde- 
pendent energizing-circuits, which consists 
in short-circuiting the armature circuit or 
circuits until the motor has reached or passed 
a synchronizing speed and then connecting 
said armature-circuits with the external cir- 
cuit, as set forth. 

2. The method of operating alternating- 
current motors having field-coils of different 
self-induction, which consists in directing al- 
ternating currents from an external source 


‘through the field-cireuits only until the mo- 


tor has reached a given speed and then di- 
recting said currents through both the field- 
circuits and one or more of the armature-cir- 
cuits, as set forth. 

3. The method of operating alternating- 
current motors having field-coils of different 
self-induction, which consists in directing al- 
ternating currents from an external source 
through the field-circuits and short-circuiting 
a part of the armature-circuits, and then when 
the motor has attained a given speed direct- 
ing the alternating currents through both the 
field and one or more of the armature-cireuits, 
as set forth. 
NIKOLA TESLA. 
Witnesses: 

Rost, F. GAYLORD, 
FRANK E. HARTLEY. 
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To all whom it may concern: 

De it known that I, NIKOLA TESLA, a sub- 
ject of the Emperorof Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro- Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the accompany- 
ing drawings. 

This invention relates to alternating-cur- 
rent motors of the general description in- 
vented by me, and in which two or more en- 
ergizing-circuits are employed, through which 
alternating currents differing in phase are 
passed, with the result of producing a pro- 
gressive shifting or rotation of the poles or 
points of maximum attractive effect. 

In prior patents and applications I have 
shown and described various forms of motors 


' of this kind.. Among them are motors in 


25 


which both energizing-circuits are electrically 
alike—that is to say, both have the same or 
approximately the same electrical resistance 
and self-induction—in the operation of which 
the alternating currents used are primarily 
of different phase. In others the difference 


` of phase is artificially produced—as, for in- 
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stance, in cases where the .motor-cireuits are 
of different resistance and self-induction, so 
that the same current divided between them 
will be retarded in one to a greater extent 
than in the other, and the requisite phase dif- 
ference secured in this way. To this latter 
class generally my present invention relates. 

The lag or rotation of the phases of an al- 
ternating current is directly proportional to 
the self-induction and inversely proportional 
to the resistance of the circuit through which 
the current flows. Hence, in order to secure 
the proper difference of phase between the 
two motor-circuits, it is desirable to make the 
self-induction in one much higher and the re- 
sistance much lower.than the self-induction 
and resistance, respectively, in the other. At 
the same time the magnetie quantities of the 
two poles or sets of poles which the two cir- 
euits produee should be approximately equal. 
These requirements, which I have found to 
exist in motors of this kind, have led me to 





the invention of a motor having the follow- 
ing general characteristics: The coils which 
are included in that energizing-circuit which 
is to have the higher self-induction I make of 
coarse wire, or a conductor of relatively low 
resistance, and I use the greatest possible 
length or number of turns. In the other set of 
coils I use a comparatively few turns of finer 
wire or a wire of higher resistance. Further- 
more, in order to approximate the magnetic 
quantities of the poles excited by these coils, 
I use in the self-induetion cireuit cores much 
longer than those in the other or resistanee 
circuit. I have shown in the drawings a mo- 
tor embodying these features. 

Figure 1 is a part-sectional view of the-mo- 
tor at right angles to the shaft. Fig. 2 is a 
diagram of the field-circuits. 

In Fig. 2, let A represent the coils in 
one motor-eireuit, and B those in the other. 
The cireuit A is to have the higher self-in- 
duction. I therefore use a long length or a 
large number of turns of coarse wire in form- 
ing the coils of this cireuit. For the circuit 
DB, I use à smaller conductor, or a conductor 
of a higher resistance than copper, such as 
German silver or iron, and wind the coils with 
fewer turns. In applying these coils to a mo- 
tor I build up a field-magnet of plates C, of 
iron or steel, secured together in the usual 
manner by bolts D. Each plate is formed 
with four (more or less) long cores E, around 
which is a space to receive the coil and an 


equal number of short projections F to receive 


the coils of the resistance-circuit. The plates 
are generally annular in shape, having an 
open space in the center for receiving the 
armature G, which I prefer to wind with closed 
coils. An alternating current divided pe- 
tween the two circuits is retarded as to its 
phases in the circuit A to a much greater ex- 
tent than in the circuit B. By reason of the 
relative sizes and disposition of the coresand 
coils the magnetic effect of the poles E and 
F upon the armature: closely approximate. 
These conditions are well understood and 
readily secured by one skilled in the art. 

An important result secured by the con- 
struction herein shown of the motor is, that 
these coils which are designed to have the 
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higher self-induction are almost completely 
surrounded by iron, by which the retardation 
is considerably increased. 

I do not cláim herein, broadly, the method 
and means of securing rotation by artificially 


producing a greater lag of the current in one | 


motor-circuit than in the other, nor the use 
of poles or cores of different magnetic sus- 
ceptibility, as these are features which I have 
specially claimed in other applications filed 
by me. 

What I claim is— 

1. An alternating-current motor having 
two or more energizing-cireuits, the coils of 
one circuit being composed of conductors of 
large size or low resistance and those of the 
other of fewer turns of wire of smaller size or 
higher resistance, as set forth. 

2. In an alternating-current motor, the com- 


bination, with long and short field-cores, of | 


energizing-coils included in independent cir- 
cuits, the coils on the longer cores containing 





an excess of copper or conductor over that in 
the others, as set forth. 

3. The combination, with a field-magnet 
composed of magnetic plates having an open 
center and pole-pieces or cores of different 
length, of coils surrounding said cores and 
included in independefit circuits, the coils on 
the longer cores containing an excess of cop- 
per over that in the others, as set forth. 


25 


3° 


4. The combination, with a field-magnet . 


| composed of magnetic plates having an open 


center and pole-pieces or cores of different 
length, of coils surrounding said cores and 
included in independent circuits, the coils on 
the longer cores containing an excess of cop- 
per over that in the others and being set in 
recesses in the iron core formed by the plates, 


| aS set forth. 


NIKOLA TESLA. 
Witnesses: 
ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE ‘TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 


ELECTRIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 416,194, dated December 3, 1889. 


Application fled May 20, 1889. 


To ali whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperorof Austria, from Smiljan, 
Lika, border country of Austria-Hungary, 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro- Magnetic 
Motors, of which the following is a- specifica- 
tion. 

This invention relates to the alternating- 


. current electro-magnetic motors invented by 


15 


20 


me, in which a progressive shifting or ro- 
tation of the poles or points of maximum 
magnetic effect is produced by the action of 
the alternating currents. These motors I 
have constructed i in a great variety of ways. 
As instances, I have built motors with two or 
more energizing-cireuits, which I connected 
up with corresponding circuits of a generator 
so that the motor will be energized by alter- 


` nating currents differing primarily in phase. 


25 


30 


35 


4^ 


245 


I have also built motors with independent 
energizing-cireuits of different electrical ehar- 
acter or self-induction, through which I have 
passed an alternating current the phases of 
which were artificially distorted by the greater 
retarding effect of one circuit over another. 
I have also constructed other forms of motor 
operating by magnetic or electric lag, which 
it is not necessary to describe herein in detail. 
although my present invention is applicable 
thereto. In such motors I use an armature 
wound with a coil orcoils, whieh is sometimes 
connected with the external eireuit and some- 
times closed upon itself, and to both forms 
the present invention applies. In these mo- 
tors the total energy supplied to effect their 


operation is equal to the sum of the energies 


expended in thearmatureand the field. The 
power developed, however, is proportionate 
to the product of these quantities. This pro- 


duet will be greatest when these quantities are | 


equal; hence in constructing a motor I deter- 
mine the mass of the armatiure and field cores 
and the windings of both and adapt the two so 
as to equalize as nearly as possible the mag- 
netic quantities of both. In motors which have 
closed armature-coils this is only approxi- 
mately possible, as the energy manifested in 
the armature is the result of inductive action 
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from the other element; but in motors in 


which the coils of both armature and fjeld 
are connected with the external circuit the 
result can be much more perfectly obtained. 

In further explanation of my object let it 
be assumed that the energy as represented in 
the magnetism in -the field of a given motor 
is ninety and thatof the armature ten. The 
sum of these quantities, which represents the 
total energy expended in driving the motor, 
isone hundred; but, assuming that the motor 
be so constructed that the energy in the field 
is represented by fifty and that in the arma- 


ture by fifty, the sum is still one hundred; . 


but while in the first instance the product is 
nine hundred, in the second itis two thousand 
five hundred, and as the energy developed is 
in proportion to these products it is clear that 
those motors are the most efficient—other 
things being equal—in which the magnetic 
energies developed in the armature and field 
are equal. These results I obtain by using 
the same amount of copper or ampére turns 
in both elements when the cores of both are 
equal, or approximately so, and the same cur- 
rent energizes both; or in cases where the 
currents in one element are induced to those 
of the other I use in the induced coils an 
excess of copper over that in the primary 
element or conductor. 

While I know of no way of illustrating this 
invention by a drawing such as will meet 
the formal requirements of an application for 
patent, I have appended for convenience a 
conventional figure of a motor such as I em- 
ploy. I would state, however, that I believe 
that with the problem before him which I 
have herein stated, and the solution which I 
have proposed, any one skilled in the art will 
be able to carry out and apply this invention 
without difficulty. 

Generally speaking, if the mass of the cores 
of armature and field be equal, the amount 
of copper or ampére turns of the energizing- 
coils on both should also be equal; but these 
conditions will be modified in well-understood 
ways in different forms of machine. It will 
be understood that these results are most ad- 
vantageous when existing under the con- 
ditions presented when the’motor is running 
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with its normal load, and in earrying out the 
invention this fact should be taken into con- 
sideration. 

Referring to the drawing, A is the field- 
magnet, B the armature, C the field-coils, and 
D the armature-coils, of the motor. 

The motors described in this application, 
except as to the features specifically pointed 
out in the claims, are described and claimed 
in prior patents granted to and applications 
filed by me, and are not herein claimed. 

What I claim is— 
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1. An electro-magnetic motor having field 
and armature magnets of equal strength or 
magnetiequantity when energized by a given 
eurrent, as set forth. 

2. In an alternating-current motor, the 
combination, with field and armature cores 
of equal mass, of energizing-coils containing 
equal amounts of copper, as herein set forth. 

NIKOLA TESLA. 

Witnesses: 

ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y, ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, 


OF SAME PLACE 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 416,195, dated Dasember 8, 1889. 
Application filed May 20,1889. Serial No, 311,419. (No model.) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
jectof the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 

5 siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro- Magnetie 
Motors, of which the following is a specifica- 
tion, reference being had to the drawings ac- 

то companying and forming a part of the same. 

This invention relates to that form of alter- 
nating-current motor invented by me,in which 
there are two or more energizing - circuits 

- through which alternating currents differing 
15 in phase are caused to pass. I have in prior 
patents and applications shown various forms 

or types of this motor—first, motors having 
two or more energizing-circuits of the same 

- electrical character, and in the operation of 
20 Which the currents used differ primarily in 
phase; second, motors with a plurality of en- 
ergizing-circuits of different electrical char- 
acter, in or by means of which the difference 

of phase is produced artificially, and, third, 

25 motors with a plurality of energizing-cireuits, 
the currents in one’ being induced from 
currents in another. I shall hereinafter 

- show the application of my present inven- 
tion to these several types. Considering the 
structural and operative conditions of any 
one of them—as, for-example, that first- 
named—the armature ‘which is mounted to 
rotate in obedience to: the со- operative in- 
fluence or action of the energizing-circuits has 
35 coils wound upon-it which are closed upon 
themselves and in which currents are induced 
by the energizing-currents with the object and 
result of energizing the armature-core; but un- 
der any such conditions as must exist in these 
motors it is obvious that a certain time must 
elapse between the manifestations of an ener- 
gizing-current impulse in the field-coils, and 
the corresponding magnetic state or phase in 
the armature established by the current in- 
45 duced thereby; consequently a given magnetic 
influence or effect in the field which is the di- 
rect result of a primary-current impulse will 
have become more or less weakened or lost 
before the corresponding effect in the arma- 
ture indirectly produced has reached its 
maximum. This is a condition unfavorable 
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to efficient working in certain cases—as, for 
instance, when the progress of the resultant 
poles or points of maximum attraction is very 
great, or when a very high number of alter- 55 
nations is employed-—for it is apparent that 

a stronger tendeney to rotation will be main- 
tained if the maximum magnetic attractions 

or conditions in both armature and field co- 
incide, the energy developed by a motor. be- 60. 
ing measured by the product of the magnetic 
quantities of the armature and field. 

The object, therefore, in this invention is 
to so construct or organize these motors that 
the maxima of the magnetic effects of the 65 
two elements—the armature and field—shall 
more nearly coincide. This I accomplish in 
various ways, which J may best explain by 
reference to the drawings, in which various 
plans for accomplishing the desired results 7o 
are illustrated. О 

Figure 1: Thisis a diagrammatic illustra- 
tion of a motor system such as I have described 
in my prior patents, and in which the alter- 
nating currents proceed from independent 75 
sources and differ primarily in phase. 

A designates the field-magnet or magnetic 
frame of the motor; B B, oppositely-located 
pole-pieces adapted to receive the coils of one 
energizing-circuit; and © C, similar pole- 80 
pieces for the coils. of the other energizing- 

circuit. These circuits are designated, re- 
spectively, by D E, the conductor D” forming 
а соттоп return to the generator G. Be- 
tween these poles is mounted an armature— 85 
for example, a ring or annular armature, 
wound with a series of coils F, forming a 
closed circuit or circuits. The action or op- 
eration of a motor thus constructed is now 
well understood. It will be observed, how- 
ever, that the magnetism of poles B, for ex- 
ample, established by a current-impulse in 
the coils thereon, precedes the magnetic effect 
set up in the armature by the induced cur- 
rent in coils F. Consequently the mutual 95 
attraction between the armature and field- 
polesisconsiderably reduced. ‘The same con- 
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ditions will be found to exist if, instead of 
assuming the poles B or C as acting inde- 
pendentiy, we regard the ideal resultant of roo 
both acting together, which is the real eondi- 
To remedy this, I construct the motor- 


tion. 
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field with secondary poles 3’ C', which are 
situated between the others. These pole- 
pieces I wind with coils D’ E’, the former in 
derivation to the coils D, the latter to coils E. 
The main or primary coils D and E are wound 
for a different sef-induction from that of the 
coils D’ and E’, the relations being so fixed 
that if the currents in D and E differ, for ex- 
ample, by a quarter-phase, the currents in 
each secondary coil, as D’ E’, will differ from 
those in its appropriate primary D or E by, 
say, forty-five degrees, or one-eighth of a pe- 
riod. 

I explain the.aetion of this motor as fol- 
lows: Assuming that an impulse or alterna- 
tion in circuit or branch E is just beginning 
while in the branch D it is just falling from 
maximum, the conditions of a quarter-phase 
‘difference. The ideal resultant of the at- 
tractive forces of the two sets of poles D C 
therefore may be eonsidered as progressing 
from poles B to poles C while the impulse in 
E is rising to maximum and that in D is fall- 
ing to zero or minimum. "The polarity set up 
in the armature, however, lags behind the 
manifestations of field magnetism, and hence 
the maximum points of attraction in arma- 
ture and field, instead of coinciding, are an- 
eularly displaced. This effect is counteracted 

` by the supplemental poles B’ ©. The mag- 
netic phases of these poles succeed those of 
poles B € by the same, or nearly the same, 
period of time as elapses between the effect 
of the poles B C and the corresponding in- 
duced effect in the armature; hence the mag- 
netic conditions of poles B’ C’ and of the 
armature more nearly coincide and a better 
result isobtained. As poles B’ C’ act in con- 
junction with the poles in the armature es- 
tablished by poles B C, so in turn poles © B 
act similarly with the poles.set up by B' С”, 
respectively. Under such conditions the re- 
tardation of the magnetic effect of the arma- 
ture and that of the secondary poles will bring 
the maximum of the two more nearly into 
coincidence and a correspondingly-stronger 
torque or magnetic attraction secured, 

In such a disposition as is shown in Fig. 1 
it will be observed that as the adjacent pole- 
pieces of either circuit are of like polarity 
they will have a certain weakening effect 
upon one another. I therefore prefer to re- 
move the secondary poles from the direct in- 
fluence of the others. This I may do by con- 
structing a motor with two independent sets 
of fields, and with either one or two armatures 
electrically connected, or by using two arma- 
tures and one field. These modifications will 
be illustrated hereinafter. . 

Fig. 2is a diagrammatic illustration of a 
motor and system in which the difference of 
phase is artificially produced. Thereare two 
coils D D in one branch and two coils E E in 
the other branch of the main circuit from 
the generator G. These two circuits or 
pranches are of different self-induction, one, 
as D, being higher than the other. For eon- 





venienee I have indieated this by making 
coils D much larger than coils E. By reason 
of this difference in the electrical character 
of the two circuits the phases of current in 
one are retarded to a greater extent than the 
other. 
A motor thus constructed will rotate under 
the action of an alternating current; but as 
happens in the case previously described the 
corresponding magnetic effects of the arma- 
ture and field do not coincide owing to the 
time that elapses between a given magnetic 
effect in the armature and the condition of 
the field that produces it. I therefore em- 
ploy the secondary or supplemental poles B’ 
C'. There being thirty degrees difference of 
phase between the currents in coils D E, the 
magnetic effects of poles B’ C’ should corre- 
spond to that produced by a current differing 
from the current in coils D or E by fifteen 
degrees. This I may accomplish by winding 
each supplemental pole B’ C’ with two coils П 
H’. The coilsH are included ina derived cir- 
cuit having the same self-induction as circuit 
D, and coils HW’ in a circuit having the same 
self-induction as circuit E,so that if these cir- 
cuits differ by thirty degrees the magnetism of 
poles B’ C’ will correspond to that produced 
by a current differing from that in either D 
or E by fifteen degrees. 
other cases. For example, if in. Fig. 1 the 
coils D’ E’ be replaced by the coils H H’ in- 
cluded in derived circuits, the magnetism of 
the poles B’ C’ will correspond in effect or 
phase, if it may’ be so termed, to that pro- 
duced by a current differing from that in 
either circuit D or E by forty-five degrees, or 
one-eighth of a period. 

This invention as applied to a derived-cir- 


cuit motor is illustrated in Figs. 3 and 4. The’ 


former is an end view of the motor with the 
armature in section and a diagram of connec- 
tions, and Fig. 4 a vertical section through 
the field. These figures are also drawn to 
show one of the dispositions of two fields that 
may be adopted in carrying out the invention. 
The poles BB CC are in one field, the re- 
maining poles in the other. The former are 
wound with primary coils I J and secondary 
coils I’ J’, the latter with coils KL. The pri- 
mary coils I J are in derived circuits, between 
which, by reason of their different self-induc- 
tion, there is a difference of phase, say, of 
thirty degrees. The coils I’ К are in circuit 
with one another, as also are coils J’ L, and 
there should be a difference of phase between 
the currents in coils K and L and their corre- 
sponding primaries of, say, fifteen degrees. 
If the poles B Care at right angles, the arma- 
ture-eoils should be connected directly across, 
or a single armature-core wound from end to 
end may be used; but if the poles B C be in 
line there should bean angular displacement 
of the armature-coils, as will be well under- 
stood. 

The operation will be understood from the 
foregoing. The maximum magnetic condition 


Let this difference be thirty degrees. . 
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of a pair of poles, as B’ B’, coincides closely 
with the maximum effect in the armature, 
which lags behind the corresponding condi- 
tion in poles В В. 


There are many other ways of earrying out | 


this invention, but they all involve the same 
broad:principle of construction and operation. 

In using expressions herein to indicate a 
coincidence of the magnetic phases or effects 
in one set of field-magnets with those set up 
in the armature by the other I refer only to 
approximate results; but this of course will 
be understood. 

What I claim is— 

1. Inanalternating-eurrent motor, the com- 
bination, with an armature wound with closed 





coils, of main and supplemental field magnets 
or poles, one set of which is adapted to ex- 
hibit their maximum magnetic effect simul- 
taneously with that set up in the armature 
by the action of the other, as set forth. 

2. In an electro-magnetic motor, the combi- 
nation, with an armature, of a plurality of 
field or energizing coils included, respectively, 
in main circuits adapted to produce a given 
difference of phase and supplemental or sec- 
ondary circuits adapted to produce an inter- 
mediate difference of phase, as set forth. 

NIKOLA TESLA,. 

Witnesses: 

R. J. STONEY, Jr., 
JOHN GILLESPIE. 
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SPECIFICATION forming part of Letters Patent No. 417,794, dated December 24, 1889. 
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To all whom it may concern: 

Be it known that we, ALBERT SCHMID and 
NIKOLA TESLA, citizens, respectively, of the 
Republic of Switzerland and Smiljan, Lika, 

5 border country of Austria-Hungary, now re- 
siding in Allegheny and Pittsburg, both in 
the county of Allegheny and State of Penn- 
sylvania, haveinvented a certain new and use- 
ful Improvement in Armatures for Electric 


10 Machines, (Case No. 310,) of which the follow- |. 


ing is a specification. 

The invention relates to the construction of 
armatures for electric generators and motors, 
and the object is to provide an electrically- 

rs efficient armature, the construction of which 
is simple and economical, and in which the 
coils‘of insulated conducting wire or ribbon 

“may be conveniently wound or formed into 

‘bobbins so located with reference to the body 

го of the armature as to afford as good results as 
possible. 

For certain purposes it is desirable to con- 
struct the armatures of electric generators and 
motors with their cores of magnetizable mate- 

25 vial projecting through the coils. into close 
^. proximity to the tield-magnet poles. When 
armatures are constructed in this manner, 
some means are necessary for holding the coils 
in position and preventing them from being 
зо thrown out by centrifugal force. 

This invention aimsto provide such means 
jn an armature having polar projeetions, and 
Also to form an armature in such manner as 
to expose a large area of core-surface to the 

35 field-magnet poles. 

The invention consists, in general terms, in 
forming an armature-core which is preferably 
built up of lamin of magnetizable material 
insulated from each other, with diverging 

40 slots or openings for receiving the armature 
wire or ribbon, which slots are connected with 
the exterior of the armature by openings 
through which the wire may be laid in the 

_ slots, and in placing the wire in such slots.in 

| 45 the proper manner. 

| We are aware of the United States Patents 

No. 827,797, granted to Immiseh, and No. 

292,077, granted to Wenstrom, and the Dritish 








patent of Coerper, No. 9,013 of 1887, and do 
not claim the constructions shown and de- 50 
scribed therein. . 
` The invention will be described more par- 
ticularly in connection with the accompany- 
ing drawings, in which— | . 
Figure 1 is an end view, partly in seetion, of 55 
an armature embodying the features of the in- 
vention, and Fig.2 is a plan of the armature. 
Referring to the figures, F F indicate field- 
magnet poles, and A represents the body or 
core of an armature composed, in this in- 6o 


-stance, of laminæ of magnetizable material 


built up in any suitable manner, the laminæ 
being preferably separated by intervening 
strata of insulating material. The individual 
plates or laminz are constructed with radial 65 
openings c, extending a short distance from 
the surface, and with slots or openings b, which 
extend in different directions from the open- 
ings c. The slots diverge from each other at 
such angles as to cause the two slots upon the 70 
opposite sides of each web e thus formed to 
lie in the same chord of the circle of the arma- 
ture. The plates may also be stamped or 
formed with openings G to remove the un- 
necessary metal. After the plates are formed 75 
they are laid upin the proper manner to form 
the entire armatur-core, the slots 6 being 
placed opposite each other to form continuous 
openings through the entire length. of the 
armature. These openings may be lined by 80 
pockets of insulating material—such, for 
instance, as vuleanized fiber—and the wires 
are then wound into the slots from the open- 
ings c and around the respective webs e. 
Winding-clips k may be placed at the respect- 85 
ive ends of the armature opposite each web e 

to hold the wires in the proper positions as 
they are wound in the slots and down upon 
the armature ends. 

The wires having been wound into their go 
proper positions, they may be held more se- 
curely in position by means of blocks K of 
non-magnetic material, placed at intervals or 
extending through the entire slots or open- 
ings c and projecting into the slots b. 95 

An armature constructed in the manner 


IO 


I5 


20 


deseribed is found to be very effieient in its 
operations and at the same time simple in 
its construction. 2. 

The connections between the armature-coils 
and the conductors or eolleeting-plates may 
be made in any usual well-known manner, ac- 
cording to the purposes desired to be served. 

We claim as our invention— 

1. Acore for electrical machines, composed 
of plates of magnetizable material separated 
by insulation, said plates having diverging 
slots for receiving the armature-conductors 
and ял opening to the exterior of the plate at 
the origin of the diverging slots. 

2. A. core- plate for electrical -machines, 
Stamped with diverging slots at intervals near 
its periphery and an opening to the periphery 
atthe angle formed by each two diverging 
Slots. .- 

З. А соге for electrical machines, composed 
of plates of magnetizable material separated 
by insulation, said plates having diverging 
slots for receiving the armature-conductors 


: and an opening to the exterior of the plate at 


30 


35 


the origin of the diverging slots, the width of 
such openings being approximately equal to 
the width of the slot. 

4, An armature-core for electric machines, 
consisting of plates of magnetizable material 
separated by insulation, having radial open- 
ings at intervals, slots diverging from said 
opeuings for receiving armature-coils, and 
winding blocks or clips at the ends of the core. 

5. An armature-core for electrical appara- 
tus, composed of plates of magnetizable ma- 
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terial separated by insulation and having 
radial openings at intervals, slots extending 
in opposite directions from said openings for 
receiving wires, and insulating-linings for said 
slots. 

6. An armature for electric machines, con- 
sisting of a laminated core formed with di- 
verging slots for receiving the wires, said slots 
leaving intervening webs, and coils of wire 
wound in said slots. . 

7. An armature for electric machines, con- 
sisting of a laminated core formed with di- 


‘verging slots for receiving the wires, said slots 


leaving intervening webs, coilsof wire wound 
in said slots, and non-magnetizable material 
closing the openings of the adjacent slots out- 
side the wires, substantially as described. 

8. An armature for electric machines, con- 
sisting of a core having its outer surface con- 
tinuous except for narrow longitudinal open- 
ings at intervals and having slots diverging 
from said openings, armature-coils wound in 
said slots, and blocks or strips of non-mag- 
netizable material closing the openings and 
forming with the metal of the armature a 
practically continuous surface. 

In testimony whereof we have hereunto 
subscribed our names this 25th day of June, 
A. D. 1889. 


ALBERT SCHMID. 
NIKOLA TESLA. 
Witnesses: 
W. D. UPTEGRAFF, 
CHARLES A. TERRY. 
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. To all whom ii may concern: - `. E. (Shown, for better illustration, as of dif-. 


' .merly of Smiljan, Lika, border country of Aus- 


5 


- Invented certain mew and: useful Improve-. 


10 


'. &ccompanying and forming a partof the same. 
.. In a patent granted to me April 16, 1889, 


15. 


` &synehronoüs speed and then alternating tlie 

- poles, or, in other words, by transforming the 
“motor bya change of cireuit-connections from 

20 
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35. 1 
. by change of the circuit-connections pro-. 
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.metie Motors, of which tho following is &speci- 


г. The present invention is a specific way of 


Be it known that I, NIKOLA TESLA, a sub- 


. ferent diameters.) 
ject of the Emperor of Austria-Hungary, for- 






































C, and one end of coil B connects with ring D. 


tria-Hungary, but now residing at New York, | The remaining.ends are connected to'ring E. 


in the cóunty and State "of. New `York, have 


switch, to þe hereinafter described. The field- 
coils have their terminals in binding-posts K 
‘K, and may be either closed upon themselves 
or connected with a source of direct current. 
L by means of a switch M. The main or con- 


ments in-Methods of Operating Electro-Mag- 


‘fication, reference being had to, the drawing 


No..401,520, 1 have: shown. and described a 
method of operating alternating-cutreut mo- 


tors by first shifting or rotating their mag-. 
netie poles üntil they had reached or passed 


twò levers f g, pivoted and connected by an 
insulating cross-bar 7,80 as to move in paral- 
lelism. These levers are connected to the 
line;wires from & source of alternating cur- 
‘rents N; |. Gontact @ js connected: to brush.G 
and coll B through a dead-resistance R and 


one operated by the action of two or more in- | wire P. “Contact 0 is connected with brush E 


dependent energizing-currents to a motor op- 


erated bya single current or several acting 
as one. ^ Ut 


wire O: -Contacts cand ¢ ard connected tq 
] brushes G F, respectively, through the wire 
P.O, and contact dis directly connected wit 
brush H. The lever f has a widened end] 
“which may span the contacts ab. When in 
such position and with lever g on contact d, 
the alternating eurrents divide between the 
two motor-coils, and -by reason of their dif- 
ferent self-induction ‘a difference of current- 
phase is-obtained that starts the motor in ro- 
tation. In starting, ag I have above stated, 
‘the feld-coils.are short-circuited. . 
— When the moter has attained the Gesired 
‘speed, the switch i8 shifted.to the position 
shown in dotted lines—that is to say, with the 
levers F g resting on points ce. > This connects 
up the two armature-coils in series, and the 
"motor will then «^n'as x synchronous motor. 
The field-coilsave thrown into cireuit with 
tho dírect-current source when the main 
‘switch is shifted. 

What I claim herein as my invention is— 

1. The method of operating électro - mag- 
netic motors, which consists in first. progress- 
ively shifting or: rotating the tnagnetio poles 
of one element until it has reached a synch- 
-3enous speed and then alternating said poles 
‘and passing a. direct current through the coils 
òf the other element, as herein set forth. 


carrying out the same invention; and it con-. 
sists in the following method: ‘On the start.I 

progressively ‘shift the magnetic poles of one 
element or field of the motor by alternating 
currents differing in phase аа passed through | 
independent energizing-circuits -and short- 
circuit the coils of-the other element. When 
the motor thus started reaches'or passes the 
limit o£ speed synchronous with the genera- 
tor, I. connect up the coils previously short- 
circuited with a source of direct current апа 


duce a simple alternation of the poles. The: 
motor then continues to run in synchronism’ 
with the generator. ‘There are many specific: 
ally-different ways in which this may be car- f 
ried out; but I have selected one for illastrat- 
ing the principle.- This is illustrated in the 
annexed drawing, which is & side view of a 
motor with a diagram of the circuits and de- 
vices used in the system. |. `. . 

The motor' shown is one of the ordinary 
forms, with field-cores ‘either laminated or 
solid and: with a cylindrical laminated arma- 
ture wound, for, example, with the coils A B 
at right. angles. The shaft of the armature 
entries three collecting or eontaet rings O D *- 


· One end of coi! A connects to one ring, as. 


9. The method of operating electro - mag- 


55 


Collecting springs or brushes F. QG H bear ` 
upon the rings ånd lead to tho contacts ofa. 


‘trolling. switch has five contacts @ bedeand ` 
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netic motors, which consists in short-circuit- rent and through the armature-coils alternat- 
ing thecoils of one element, as the field-mag- 


ing currents coinciding in phase. 
net, and passing through the energizing-coils z 2 
of- the other element, as the armature. alter- to .. N IKOLA TESLA, 
§ nating. currents differing in. phase, and then, |. Witnesses: -. 
` When tne motor has attained 'a given Speed, R. J. STONEY, Jr., 
. passing through the field-coils à direct cur- E. P. COFFIN. _ 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF. SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No, 494,036, dated March 25, 1890. 
Application filed May 20, 1889, Serial No, 311,416. (No model.) 


To all whom tt may concern: 

Be itknown thatI, NIKOLA TESLA, a subject 
of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-Hun- 
gary, residing at New York, in the county and 
State of New York, have invented certain new 
and useful Improvements in Electro-Magnetic 

‘Motors, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
eompanying and forming a part of the same. 

Ihave invented and elsewhere described 
aneleetro-magnetie motor operated or adapted 
to be operated by an alternating electric cur- 
rent, and which is now commonly designated, 
whether correctly or not, a “magnetic-lag” 
motor. The main distinguishing features of 
this motor are the following: An armature is 
mounted within the magnetizing influence of 
a certain number of field magnets or poles of 
different magnetic susceptibility—that is to 
say, poles of unequal length, mass, or com- 
position—and wound with coils adapted in 
the operation of the motor to be connected 
to a source of alternating currents. When 
an alternating current is passed through the 
coils of such a motor, the field magnets or 
poles do not appear to manifest theirattractive 
effect upon the armature simultaneously, the 
magnetic attraction of some appearing to lag 
behind that of others, with the result of pro- 
ducing a torque and -rotation of the motor. 
Generally 1 have made sueh motors with 
closed armature-coils. 

I have invented another form of motor, 
which, for similar reasons, may be called a 
“magnetie-lag” motor; but in operation it dif- 
fers from that which I have above described 
in that the attractive effects or phases of the 
poles, while lagging behind the phases of. cur- 
rent which produce them, are manifested si- 
multaneously and not successively. 

To carry out this invention I employ a mo- 


tor embodying the principle of construction , 


of a motor described and claimed in an ap- 
plication filed by me January 5, 1589, No. 
295,745, to the extent that both the armature 
and field receive their magnetism from a sin- 
gle energizing-coil or a plurality of coils act- 
ing as one. | 

A motor which embodies my invention, 
with certain modifications thereof, is illus- 
trated in the accompanying drawings. 





` 
Figure 1 is à side view of the motor in ele- 
vation. Fig. 9 is a part-sectional view at 
right angles to Fig. 1. Fig. 3 is an end view 
in elevation and part section of a modifica- 
tion, and Fig. 4 is a similar view of another 
modification. 

In Figs. 1 and 2, A designates a base or 
stand, and B B the supporting-frame of the 
motor. Bolted to the said supporting-frame 
are two magnetic cores or pole-pieces C C”, of 
iron or soft steel. These may be subdivided 
or laminated, in which case hard iron or steel 
plates or bars should be used, or they should 
be wound with closed coils. D is a cireular 
disk-armature built up of sections or plates of 
iron and mounted in the frame between the 
pole-pieces C C’, which latter are preferably 
curved to conform to the circular shape there- 
of. I may wind this disk with a number of 
closed coils E. F F are the main energizing- 
coils, supported in any convenient manner by 
thesupporting-frame, or otherwise, butsoas to 
inelude within their magnetizing influence 
both the pole-pieces C C’ and the armature D. 
The pole-pieces C C’ project out beyond 
the coils F F on opposite sides, as indicated 
in the drawings. If an alternating current 
be passed through the coils F F, rotation of 
the armature will be produced, and this rota- 
tion I explain by the following apparent ac- 
tion or mode of operation: An impulse of 
current in the coils F F establishes two polari- 
ties in the motor. The protruding end of 
pole-piece C, for instanee, will be of one sign, 
and the corresponding end of pole-piece C’ will 
be of the opposite sign. The armature also 
exhibits two poles at right angles to the coils 
F F, like poles to those in the pole-pieces 
being on the same side of the coils. While 
the current is flowing there is no appreciable 
tendeney to rotation developed; but after 
each current impulse ceases or begins to fall 
the magnetism in the armature and in the 
ends of the pole-pieces C C’ lags or continues 


‘to manifest itself, which produces a rotation 


of the armature by the repellent force be- 
tween the more closely approximating points 
of maximum magnetic effect. This effect is 
continued by the reversal of current, the po- 
larities of field and armature being simply 
reversed. One or both of the elements—the 
armature or field—may ре wound with closed 
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induced coils to intensify this effect, although | ends of opposite sign and to set up in the 


in the drawings I have shown but one of the 
fields, each element of: the motor really con- 
stitutes a field, wound with the closed coils, 
the currents being induced mainly in those 
convolutions or coils which are parallel to the 
coils F F. A modified form of this motor is 
shown in Fig.3. In this form Gis one of two 
standards that support the bearings for the 
armature-shaft. H Hare uprights or sides of 
a frame, preferably magnetic, the ends C C' 
of which are bent, substantially as shown, to 
conform to the shape of the armature D and 
form fiéld-magnet poles. ‘Che construction of 
the armature may be the same as in the pre- 
vious figure, or it may be simply a magnetic 
disk or cylinder, as shown, and a coil or coils 
F F are secured in position to surround both 
the armature and the poles CC’. The arma- 
ture is detachable from its shaft, the latter 
being passed through the armature after it 
has been inserted in position. ‘The operation 
of this form of motor is the same in principle 
as that previously described and needs no 
further explanation. 

One of the most important features in alter- 
nating-current motors is that they should be 
adapted to and capable of running efficiently 
in the alternating systems in present use, in 
which almost without exception the gener- 
ators yield a very high number of alterna- 
tions. Such a motor I have designed by a de- 
velopment of the principle of the motor 
shown in Fig. 8, making a multipolar motor, 
which is illustrated in Fig. 4. In the con- 
struction of this motor I employ an annular 
magnetic frame J, with inwardly-extending 
ribs or projections KX, the ends of which all 
bend or turn in one direction: and are gen- 
erally shaped to conform to the curved sur- 
face of the armature. Coils F F are wound 
from one part K to the one next adjacent, 
the ends or loops of each coil or group of 
wires being carried over toward the shaft, 
so as to form U-shaped groups of convolu- 
tions at each end of the armature. The pole- 
pieces © С”, being substantially concentric 
with the armature, form ledges, along which 
the coils are laid and should project to 
some extent beyond the coils, as shown. The 
cylindrical or drum armature D is of the same 
construction as in the other motors described, 
and is mounted to rotate within the annular 
frame J and between the U-shaped ends or 
bends of the coils F. Thecoils F are connected 
in multiple or in series with a source of alter- 
nating currents, and are so wound that with a 
current or current impulse of given direction 
they will make the alternate pole-pieces C of 
one polarity and the other pole-pieces C” of 
the opposite polarity. The principle of the 


operation of this motor is the same as the other 
herein described, for, considering any two 
pole-pieces C C’, a current impulse passing 
in the coil which bridges them or is wound 
over both tends to establish polarities in their 





armature-core between them a polarity of the 
same sign as thatof the nearest pole-piece C. 
Upon the fall or cessation of the current im- 
pulse that established these polarities the 
magnetism which lags behind the current 
phase, and which continues to manifest itself 
in the polar projections C C’ and the arma- 
ture, produces by repulsion a rotation of the 
armature. The effect is continued by each 
reversal of the current. What occurs in 
the case of one pair of pole-pieces occurs si- 
multaneously in all, so that the tendency to 
rotation of the armature is measured by the 
sum of all the forces exerted by the pole- 
pieces, as above described. 
also the magnetic lag or effect is intensified 
by winding one or both cores with closed in- 
duced coils. 
thus wound. When closed coils are used, the 
cores should be laminated. 

Tt is evident that a pulsatory as weli as an 
alternating current might be used to drive or 
operate the motors herein described; but I 
prefer to use alternating currents. 

It will be understood that the degree of 
subdivision, the mass of theiron in the cores, 
their size, and the number of alternations in 
the current employed to run the motor must 
be taken into consideration in order to prop- 
erly construct this motor. In other words, in 
all such motors the proper relations between 


the number of alternations and the mass, 


size, or quality of the iron must be preserved 
in order to secure the best results. These 
are matters, however, that are well under- 
stood by those skilled in the art. 

What I claim is— 

1. Inanalternating-current motor, the com- 
bination, with the armature and field-cores, 
of stationary energizing-coils enveloping the 
said cores and adapted to produce polarities 
or poles in both, the field-cores extending out 
from the coils and constructed so as to ex- 
hibit the magnetie effect imparted to them 
after the fall or cessation. of current impulse 
producing such effect, as set forth. | 

2. In an alternating-eurrent motor, the com- 


In this motor: 


The armature-core is shown as . 


bination, with an armature-core circular in : 


configuration, of a supporting-frame, field- 
cores extending therefrom over portions of 
the periphery of the armature, and energiz- 


ing-coils surrounding said armature and parts 


of the field-cores, as set forth. 

3. The combination, with the rotatably- 
mounted armature, of the circular frame J, 
the ribs K, with polar extensions extending 
over portions of the armature, and the ener- 
gizing-coils F, wound over portions of the pole- 
pieces and carried in loops over the ends of 
the armature, as herein set forth. | 


NIKOLA TESLA. 
Witnesses; . 
R. J. STONEY, Jr., 
E. P. COFFIN. 
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the coil is exposed, and a current in the coil 
is the result.: -Then remove the flame or in 
any other way reduce. the temperature of the 
iron. The lowering of its temperature is ac- 


Lo all wivom it may concern: пи 
Be it known that T, NIKOLA TESLA, a sub- 

ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, bordér country of Austria-un- 

5 gary, residing at New York, in the county and 
State of New York, haveinvented certain new 
and useful Improvements in Electrical Genera- 
tors, of which the following is a specification. ` 
This application is a division of an applica-. 

ro tion filed by me May 26,1887 Serial No. 239,481. 
This invention is an improved form of: 
electrical generator based upon the following 
well-known laws: First, that electricity or 
electrical energy is developed in any conduct- 

15 ing-body by subjecting such body to à vary- 
ing magnetic influence, and, second, that the 
magnetic properties of iron or other magnetic 
substance. ‘may: be partially or entirely đe- 
'Stroyed or caused to disappear by raising it. 
zo to a certain temperature, but restored and 
caused to reappear by again lowering its tem- 

. perature toa.certaindegree. Theselaws may 
be applied in the production of electrical cur- 
rents in many ways, the principle of which is. 

25 in all cases the same—viz., to subject a con- 
ductor to a varying magnetic influence, pro- 
ducing such variations by the application of 
heat, or, more strictly speaking, by the appli- 
cation or action of a varying temperature 
30 upon the source of the magnetism. ‘This prin- 
ciple of operation may beillustrated by asim- 
ple experiment: Place end to. end, and pref- 
erably in actual contact, a permanently-mag- 
netized steel bar and a strip or bar of. soft 

35 iron. Around the end of. the iron bar or plate 
- ' wind-a coil of insulated wire. Then apply to: 
the iron between the coil.and the steel bar & 
flame or- other source of heat which will be 
capable of raising that portion of the iron to 

40 an orange-red, ora temperature of about 600° 
centigrade. When this condition is reached, 


erties, and another change of magnetic con- 
ditions occurs, accompanied by a current in 


operation may be repeated indefinitely, the 
efféct upon the coil being similar to that 
which would follow from ‘moving the magnet: 
ized bar to and from the end of the iron bar 
or plate.. с. 

. The device forming the subject of my pres- 
ent invention is an improved means of ob- 
taining this result, the features of novelty in 
which theinvention resides being, first, theem- 


.Second, inclosing the source of heat and that 
portion of the magnetic circuit exposed to the 
‘heat ‘and artificially cooling the,said heated 
part. These improvements are Applieable 
generally to the generators constructed on the 
plan above described—that is to say, I may 
use an artificial cooling device in conjunction 
with .a variable. or varied or uniform source 


‘form heat. 

: In the drawingsI have illustrated a device 

constructed in accordance with my invention, 
Figure. 1 is à central vertical longitudinal 

section of the complete apparatus. Fig, 2 is 


; of the generator. 


manént magnet the poles of which are bridged 
by an armature-core composed of a casing or 
Shell B inclosing a number of hollow iron 
tubes C. Around this eore are wound the 
‘eonductors EE’, to form the coils in which 
‘the currents are developed. In the circuits 
of these coils are translating devices, as EE", 
D is a furnace or closed fire-box, through 
which the céntral portion of the соге В ех. 
tends. ‘Above the fire is a boiler K, contain- 


the iron somewhat suddenly loses its magnetic 
properties, if it be very thin, and the same 
effects produced as though the iron had been 
45 moved away from the magnet or the heated 
^ Section had been removed. This ‘change. of 
condition, however, is accompanied by a shift- 
ing of the magnetic lines, or, inother words, by 
a variation in the maguetic influence to which 


‘extend up through the boiler, 
Gisa water-supply pipe, and His the steam- 
exhaust pipe, which communicates with all 


companied by a return of its magnetic ргор- 


an opposite direction in the coil. Тһе same: 


ployment of an artificial fooling device, and,., 


of heat. I prefer, however, to employ a uni- 


ing water. The fiue I: from the fire-box may 
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a cross-section of the magnetic armature-core ` 


-Let A represent a magnetized core or per- _ 


85. 


8 


. eseaping from the 


л 


to 


15 


by the rapidity of the magnetic .changes or 


20 


‚ the application of a variable heat to vary the 
conditions of a field. of foree in- 


25 


the tubes C in the armature B, so that steam 
boiler will pass through 
said tubes. 


In the steam-exhaust pipe H is a valve ү, 


to which is connected the lever I, by the move- 
ment of.which the said valve is opened or 


closed. In such acase as this the heat of the. 


fire may be utilized for other purposes sfter 


plied to heating ће соге В. There are Spe- 


cial advantages in the employment of a.cool: | 


ing device, in that the metal of ‘the core B is 
not so quickly oxidized. Moreover, the dif- 


ference between the temperature of the ap- 


plied heat and of the Steam, air, or whatever 


gas or fluid be applied as thecooling médium, 
may be increased or decreased at will, where- 


fluetnations may be reguláted. бо. 
In so far as my present itivention, broadly, 


is concerned, the specific construction of the: 
apparatus is largely immaterial. I do not, |. 


however, claim in this. application, broadly, 
magnetic 


whieli àn: induced conductor js-eontained. 
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‘What I claim is— 

1. In an electrical generator, the combina- 
tion, with a magnetized core or body and a 
conductor within the field of force produced 30 
thereby, of an inclosed source of heat applied 
to a portion of said core, and an artificial 
cooling device for reducing the temperature 


‘of the heated portion thereof, as set forth. 
as much of it as may be needed has been ap- |- 


2. Thecombination, with a magnetized core 35 
ut body anda conductor under the influence 
thereof, of an inclosed source of heat applied 
to a portion of said core, means for bringing 
a cooling gas or fluid in contact with the ` 
heated portion of the core, and means forcon- 4o 


‘trolling the admission of the same. 


3. Thecombination, witha magnetized core 
containing es or channels, and coils 
wound thereon, of means for applying heat to 
a portion of the core, and a connection with 45 
a boiler for admitting steam into the ehan- 
nels, as sot forth. | | | 


" NIKOLA. TESLA. 
Witnesses: D. 
R. J. STONEY, Jr, 
E. P. COFFIN. 
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To all whom it may concern: magnets, each wound with coils connected 
Be it known that I, NikoLA TisLa, a sub- | with a source of. alternating or rapidly-vary- 
ject of the Emperor of Austria-Hungary, from | ing currents, but forming two separate paths 
Smiljan, Lika, border country of Austria- | or circuits. The magnets of one set I pro- 

5 Hungary, residing at New York, in the county | tect to a certain extent from the energizing 55 
and State of New York, have invented certain | action of the current by means of a ma gnetic 
new and useful Improvements in Alternating- | shield or screen interposed between the mag- 
Current Electro-Magnetie Motors, of which | net and its energizing-coil. This shield is 
the following is a specification, reference being | properly adapted to the conditions of particu- 

tc had to the drawings accompanying and form- | lar eases, so as to shield or protect the main бо 
ing a part of the same. core from magnetization until it has become 
This invention is an improvement in that | itself saturated and no longer capable of con- 
class of electro-magnetic motors in which the | taining all the lines of force produced by the 
rotation is produced by the progressive move- | current. By this means it will be seen that 
15 ment or effect of the maximum magnetic | the energizing action begins in the protected 6 5 
points or poles produced by the conjoint ac- | set of magnets a certain arbitrarily-deter- 
tion or effect of two energizing - circuits | mined period of time later than in the other, 
through which are passed alternating cur- | and that by this means alone or in conjunc- 
. rents, or currents of rapidly-varying strength | tion with other means or devices heretofore 
20 of a kindred nature. employed a practically-economieal difference 70 
‘The improvements subject of this applica- | of magnetic phase may readily be secured. 
tion are more particularly applicable to that The nature and operation of the invention 
class of motors in which two or more sets of | will be more fully explained by reference to 
energizing-magnets are employed, and in | the accompanying drawings. 
a5 which by artificial means a certain interval Figure 1 is a view of a motor, partly in sec- 75 
of time ismadeto elapse between the respect- | tion, with a diagram illustrating the inven- 
ive maximum or minimum periods or phases | tion. Fig. 2 is a similar view of a modifica- 
of their magnetic attraction or effect. This | tion of the same. | 
interval or difference in phase between the In Fig. 1, which exhibits the simplest form 
30 two sets of magnets, when artificially pro- | of the invention, A A is the field-magnet of a 80 
duced, is limited in extent. It is desirable, | motor, having, say, eight poles or inwardly- 
however, for the economical working of such | projecting cores B and C. The cores B form 
motors that the strength or attraction of one | oneset of magnetsand are energized by coils 
set of magnets should be maximum at the | D. Тһе cores C, forming the other set, are 
35 time when that of the other set is minimum | energized by coils E, and the coils are con- 83 
and conversely; but these conditions have not | nected, preferably, in series with one another, 
heretofore been realized except in cases where | in two derived or branched circuits F G, ге 
the two currents have been obtained fromin- | spectively, from a suitable source of current, 
dependent sources in the same or different | Each coil E is surrounded by a magnetic 
4o machines. Shield IT, which is preferably composed of an. 9o 
The object of the present invention is to | annealed, insulated, or oxidized iron wire 
establish conditions more nearly approaching | wrappéd or woundon the coils in the manner 
the theoretical requirements of perfect work- | indicated, so as to form a closed magnetic 
ing, or, in other words, to produce artificially | ecireuitaround the coils and between tlie samo 
45 a difference of magnetie phase by means of | and the magnetie cores C. Between the pole 95 
a current from a single primary source suffi- | pieces or cores B C is mounted the armature 
cient in extent to meet the requirements of | K,which,asisusual in this type of machines, 
practical and economical working. is wound with coils L closed upon themselves. 
In carrying out my invention I employ a | The operation resulting from this disposition 
5o motor with two sets of energizing or field | is as follows: If a current impulse be di- rop 








IO 


15 


20 


25 


30 


9 483,700 


rected through the two circuits of the motor, 
it will quickly energize the cores B, but not 
so the cores C, for the reason that in passing 
through the coils E there is encountered the 
influence of the. closed magnetic circuits 
formed by the shields H. The first effect is 
to effectively retard the current impulse in 
circuit G, while at the same time the propor- 
tion of current which does pass does not mag- 
netize the cores C, which are shielded or 
screened by the shields H. As the increasing 
electro-motive force then urges more current 
through the coils E, the iron wire H becomes 
magnetically saturated and incapable of car- 
rying all the lines of force, and hence ceases 
to protect the cores C, which become mag- 
netized, developing their maximum effect 
after. an interval of time subsequent to the 
similar manifestation of strength in the other 
set of magnets, the extent of which is arbi- 
trarily determined by the thickness of the 
shield H, and other well-understood condi- 
tions. 

From the above it will be seen that the ap- 
paratus or device acts in two ways. First, by 
retarding the current, and, second, by retard- 
ing the magnetization of one set of the cores, 
from which its effectiveness will readily ap- 

ear. 
P Many modifications of the principleof this 
invention are possible. One useful and effi- 


' cient application of the invention is shown in 


35 


40 


Fig. 2. In said figure a motor is shown simi- 


lar in all respects to that above described, ex- 
cept that the iron wire H, which is wrapped 
around the coils E, is in this case connected 
in series with the coils D. The iron-wire 
coils H, are connected and wound, so as to 
have little or no self-induction, and being 
added to the resistance of the circuit F the 


‘action of the current in that circuit will be 


accelerated, while in the othercireuit G it will 
be retarded. The shield H may be made in 
many forms, as will be understood, and used 
in different ways, as appears from the forego- 
ing description. I do not, however, limit my- 
self to any specific form or arrangement; but 

What I claim is— 

1. In an alternating-current motor having 
two energizing-cireuits, the combination, with. 
the magnetic cores and coils of one ofthe cir- 
cuits, of interposed magnetic shields orscreens 
forretarding the magnetization of said cores, 
as set forth. 

2. In an alternating-current motor having 
two energizing-eireuits, the combination, with 


the magnetic cores and the coils of one of the’ 


circuits wound thereon, of magnetic shields 
or coils wound around said coils at right an- 
gles to their convolutions, as set forth. 

8. In an alternating-current motor having 
two energizing-eireuits, the combination,with 
the magnetic cores and the coils of one of the 
cireuits which energize the said cores, of mag- 
netic shields forming closed magnetic circuits 
around the coils and interposed between the 
coils and cores, as set forth. 

4. In an alternating-eurrent motor having 
two energizing-circuits derived from the same 
source, the combination, with the cores and the 
coils of one of the circuits that energizes the 
same, of insulated iron-wire coils wound on 
the said energizing-coils at right angles to 
their couvolutions and connected up in series 
with the coils of the other energizing-circuit, 


as set forth. | 
NIKOLA TESLA. . 
Witnesses: 
Корт. Е. GAYLORD, 
PARKER W. PAGE. 
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To alt whom it may concern: 

. Beit known that I, NIKOLA TESLA, a sub- 
jeet of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 

5 Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Alternating- 

Current Motors, of which the following is a 
specification, reference being had to the draw- 

ro ings accompanying and forming a part of the 
same. 

This invention relates to that class of alter- 
nating-eurrent motors in which the field-mag- 
nets are energized by coils connected up in 

15 two circuits derived from the same source 
and having different degrees of self-induc- 
tion, whereby the currents in one circnit or 
branch are retarded more than in the other, 
with the result of producing a progressive 
advance or rotation of the points of maxi- 
mum magnetic effect in the field that main- 
tains the armature in rotation. In motors of 
this kind I have employed, among other 
means, a self-induction coil in oné circuit and 
25 a dead-resistance in the other, or I have se- 
cured the same result by the special charac- 
ter of the winding of the two circuits, and in 
still another instance I have so constructed 
the motor that the retarded-current coils were 
nearly inclosed by iron, whereby the self-in- 
duction of such coils was very greatly in- 
creased. 

The invention subject of this application is 
an improvement on this last-named plan. 
35 In carrying out the invention I construct 
a field-magnet having two sets of poles or in- 
wardly-projecting cores and placed side by 
side, so as practically to form two fields of 
force and alternately disposed—that is to 
say, with the poles of oneset or field opposite 
the spaces between the other. I then con- 
nect the free ends of one set of poles by means 
of laminated-iron bands or bridge-pieces of 
considerably smaller cross-section than the 
45 cores themselves, whereby the cores will all 
form parts of complete magnetic circuits. 
When the coils on each set of magnets are 
connected in multiple cireuits or branches 
from a source of alternating currents, electro- 
motive forces areset up in or impressed upon 
each circuit simultaneously; but the coils on 
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39 
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50 


the magnetically bridged or shunted cores 
will have, by reason of the closed magnetic 
circuits, a high self-induction, which retards 
the current, permitting at the beginning of 55 
each impulse but little current to pass. On 
the other hand, no such opposition being en- 
countered in the other set of coils, the cur- 
rent passes freely through them, magnetizing 
the poles on which they are wound. As soon, 60 
however, as the laminated bridges become 
saturated and incapable of carrying all the 
lines of force, which the rising electro-motive 
force, and consequently increased current, 
produce, free poles are developed at the ends 65 
of the cores, which, acting in conjunction with 
the others, produce rotation of the armature. 

The construction in detail by which this 
inventionis illustrated is shown in the accom- 
panying drawings. 

Figure 1 is a view in side elevation of a mo- 
tor embodying the invention. Fig. 2isaver- 
tical cross-section of the same. 

A isthe frame of the motor, which is prefer- 
ably built up of sheets of iron punched out 75 
to the desired shape and bolted together with 
insulation of a proper character between the 
sheets. When complete, the frame makes a 
field-magnet with inwardly-projecting pole- 
pieces B and C. To adapt them to the re- 80 
quirements of this particular case these pole- 
pieces are out of line with one another, those 
marked B surrounding one end of the arma- 
ture and the others, as C, the opposite end, 
and they are disposed alternately—thatis to 85 
say, the pole-pieces of one set.occur in line 
with the spaces between those of the other sets. 

The armature D is of cylindrical form, and 
is also laminated in the usual way and is 
wound longitudinally with coils closed upon 90 
themselves. The pole-pieces C are connected 
or shunted by bridge-pieces E. . These may 
be made independently and attached to the 
pole-pieces, or they may be parts of the forms 
or blanks stamped or punched out of sheet- 95 
iron. Their size or mass is determined by 
various conditions, such as the strength of 
the current to be employed, the mass or size 
of the cores to which they are appplied, and. 
other well-understood conditions. - 100 

Coils F' surround the pole-pieces B, and 
other coils G are wound on the pole-pieces C. 


70 
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These coils aré connected in series in two 
circuits, which are braches of a circuit from a 
generator of alternating currents, and they 
may be so wound, or the respective cireuits 
in which they are included may beso arranged, 
that the circuit of coils G will have inde- 
pendently of the particular construction here- 
in described a higher self-induction than the 
other circuit or branch. 

The function of the shunts or bridges E is 
that they shall form with the cores C aclosed 
magnetic circuit fora current up to a prede- 
termined strength, so that when saturated by 
such eurrent and unable to carry more lines 
of force than such a current produces they 
will to no further appreciable extent inter- 
fere with the development by a stronger cur- 


: rent of free magnetic poles at the ends of the 


eores C. 

In sueh a motor the eurrent is so retarded 
in the coils G and the manifestation of the 
free magnetism in the poles C is delayed be- 
yond the period of maximum magnetic effect 
in poles B that a strong torque is produced 
and the motor operates with approximately 
the power developed in a motor of this kind 
energized by independently-generated cur- 
rents differing by a full-quarter phase. 

What I claim in this application is— 

1. In an alternating-current motor having 
two sets or series of pole-pieces, the combi- 
nation, with one of such sets or series, of mag- 
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netie shunts or bridges connecting their free 
ends, as herein set forth. 

9. In an alternating-current motor having 
two sets or series of pole-pieces energized by 
coils in independent circuits from the same 
source, the combination, with one of the sets 
or series of pole-pieces, of magnetic shunts or 
bridges connecting their free ends, as de- 
scribed. | 

3. In an alternating-current motor having 
a laminated or subdivided field-magnet pro- 
vided with two sets or series of cores or pole- 
pieces, the combination, with such pole-pieces, 
of energizing-coils connected, respectively, in 
two cireuits derived from the same source of 
alternating currents and laminated or sub- 
divided ironshunts or bridges of smaller cross- 
section than the pole-pieces and joining the 
free ends of all the cores or pole-pieces of one 
set to form closed magnetic circuits, as set 
forth. | 

4. In an alternating-eurrent motor, the com- 
bination, with a set or series of field-poles 
and énergizing-coils wound thereon, of an in- 
termediate set of pole-pieces forming portions 
of closed magnetic cireuits and coils thereon 
in a circuit derived from the same source of 
alternating currents as the other, as set forth. 

NIKOLA TESLA. 

Witnesses: 

Вовт. Е. GAYLORD, 
PARKER W. PAGE. 
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To ail whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 
Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Electrical 
Transformers or Induction Devices, of which 
the following is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same. | 

This invention is an improvement in elec- 
trieal transformers or converters, and has for 
its main objects the provision of means for se- 
curing, first, a phase differenee between the 
primary and secondary currents adapted to 
the operation of my alternating-eurrent mo- 
tors. and other like purposes, and, second, a 
constant current for all loads imposed upon 
the secondary. 

In transformers as constructed now and 
heretofore it will be found that the electro- 
motive force of the secondary very nearly co- 
incides with that of the primary, being, how- 
ever, of opposite sign. At the same time the 
currents, both primary and secondary, lag be- 
hind their respective electro-motive forces; 
but as this lag is practically or nearly the 
same in the case of each it follows: that the 
maximum and minimum of the primary and 
secondary currents will nearly coincide, but 
differ in sign or direction, provided the sec- 
ondary be not loaded or if it contain devices 
having the property of self-induction. On 
the other hand, the lag of the primary behind 
the impressed electro-motive force may be di- 
minished by loadingthe secondary witlia non- 
inductive or dead resistance—such as incan- 
descent lamps—whereby the time interval be- 
tween the maximum or the minimum periods 
of the primary and secondary currents is in- 
creased. This time interval, however, is lim- 
ited, and the results obtained by phase dif- 
ference in the operation of such devices as 
my alternating-current motors can only be 
approximately realized by such means of pro- 
dueing or securing this difference, as above 
indieated, for it is desirablein such cases that 
there should exist between the primary and 
Secondary currents, or those which, however 








produced, pass through the two circuits of the 
motor, a difference of phase of ninety de- 
grees; or, in other words, the current in one 
circuit should be maximum when that in the 
other circuit is minimum.  'l'o more perfectly 
attain to this condition I obtain or securean 
increased retardation of the secondary cur- 
rentin the following manner: Instead of bring- 
ing the primary and secondary coils or cir- 
cuits of a transformer into the closest possi- 
ble relations, as has hitherto been done, I pro- 
tect in a measure the secondary from the in- 
ductive action or effect of the primary by sur- 
rounding either the primary or the secondary 
with a comparatively-thin magnetic shield or 
screen. Under these conditions or circum- 
stances, as long as the primary current hasa 
small value, the shield protects the secondary; 
but as soon as the primary current has reached 
a certain strength, which is arbitrarily deter- 
mined, the protectingmagneticshield becomes 
saturated and the inductive action upon the 
secondary begins. Itresults, therefore, thatthe 
secondary current begins to flow at a certain 
fraction of a period later than it would without 
the interposed shield, and since this retarda- 
tion may be obtained without necessarily. re- 
tarding the primary current also, an addi- 
tional lag is secured, and the time interval be- 
tween the maximum or minimum periods of 
the primary and secondary currents is in- 
creased. I have further discovered that such 
& transformer may, by properly proportion- 
ing its several elements and determining in 
amanner well understood the proper relations 
between the primary and secondary win dings, 
the thickness of the magnetic shield, and other 
conditions, be constructed to yield a constant 
current at allloads. No precise rules can be 
given for the specific construction and pro- 
portions for securing the best results, as this 
is a matter determined by experiment and 
calculation in particular cases; but the gen- 
eral plan of construction which I have de- 
scribed will be found under all conditions to 
conduce tò the attainment of this result. 

In the accompanying drawings I have illus- 
trated the construction above set forth. 

Figure 1 is a cross-section of a transformer 
embodying my improvement. Fig. 2 isa simi- 
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lar view of a modified form of transformer, 
showing diagrammatically the manner of 
using the same. 

АА is the main core of the transformer, 
composed of a ring of soft annealed and insu- 
lated or oxidized iron wire. Upon this core 
is wound the secondary circuit or coil B B. 
This latter is then covered with a layer or 
layers of annealed and insulated iron wires 
С С, wound in a direction at right angles to 
said secondary coil. Over the whole is then 


wound the primary coil or wire D D. From 


the nature of this construction it will soon 
be obvious that as long as the shield formed 
by the wires C is below magnetic saturation 
the secondary coil or circuit is effectually pro- 
tected ot. shielded from the inductive influ- 
ence of the primary, although I would state 
that on open circuit it may exhibit some elec- 
tro-motive force. When the strength of the 
primary reaches a certain value, the shield C, 
becoming saturated, ceases to protect the sec- 
ondary from inductive action, and current is 
in consequence developed therein. For simi- 
lar reasons, when the primary current weak- 
ens, the weakening of the secondary is re- 
tarded to the same or approximately the same 
extent. | 

Thespecific construction of the transformer 
is largely immaterial. In Fig. 2, for exam- 
ple, the core A is built up of thin insulated 
iron plates or disks. The primary circuit D 
is wound next the core A. Over this is ap- 
plied the shield C, whieh in this case is made 
up of thin strips or plates of iron properly 
insulated and surrounding the primary, form- 
ing a closed magnetic circuit. The secon- 
dary B is wound over the shield C. In Fig. 
2, also, E is a source of alternating or rapidly 
changing currents. The primary of the trans- 
former is connected with the circuit of the 
generator. 

Fisa two-circuit alternating-current mo- 





tor, one of the circuits being connected with 
the main eireuit from the source E, and the 
other being supplied with currents from the 
secondary of the transformer. 

Having now described my i 
I claim is— 

1. In an electrical transformer or induction 
device, the combination, with the main mag- 
netic core and the primary and secondary 
coils or circuits, of a magnetic shield or sereen 
interposed between said coils, as herein set 
forth. . 

9. In an eleetrical transformer or induetive 
device, the combination, with the magnetic 
core and the primary and secondary coils or 
circuits, of a magnetic shield or screen sur- 
rounding one of said coils only, as set forth. 

3. In an electrical transformer or induction 
device, the combination, with the magnetic 
core and the primary and secondary coils 
wound thereon, of a magnetic shield or screen 
wound on or built up around one only of said 
coils, as described. 

4. In an electrical transformer or induction 
device, the combination, with a main lami- 
nated magnetic core and primary and second- 
ary coils thereon, of a ‘subdivided or lami- 
nated magnetic shield or screen interposed 
between the coils, as set forth. 

5. In an electrical transformer, the combi- 
nation, with a magnetic core and primary 
and secondary coils wound thereon, of a mag- 
netic shield or screen interposed between 
said coils and surrounding one of them and 
adapted to be or capable of being magnetic- 
ally saturated by a predetermined current 
strength below the maximum in the primary, 
as set forth. l 


nvention, what 


NIKOLA TESLA. 


- Witnesses: 
Rost. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES 


NIKOLA TESLA, OF NEW YORK, N. Y., 


PATENT OFFICE. 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 
SPECIFICATION forming part of Letters Patent No. 433,703, dated August 5, 1890. 
Application filed April 4,1890, Serial No. 346,603, (No model.) 


To all whom it may concern: . 
Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 
5 Hungary, residing at New York, in the county 
‘and State of New York, have invented certain 
new and useful Improvements i in Electro-Mag- 
netic Motors, of which the followingisa specifi- 
cation, reference being had to the drawings ac- 
companying and forming a part of the same. 

This invention is an improvement in alter- 
nating-current motors, and has for its general 
obj ect to produce a single-cireuiv altern ating- 
current torque-motor of economical and sim- 
15 ple construction. 

The nature of the invention will be under- 
stood from the following statement. 

Itis well known that if: a magnetic core, even 
if laminated or subdivided, be wound with an 
insulated coil and a current of electricity di- 
rected through the coil the magnetization of 
the entire core does not immediately ensue, 
the magnetizing effect not being exhibited in 
all part ts simultaneously. This I attribute to 
the fact that the action of the current is to 
energize first those lamine or parts of the 
core nearest the surface and adjacent to the 
exciting-coil, and from thence the action pro- 
gresses toward the interior. A certain inter- 
val of time therefore elapses between the 
manifestation of magnetism in the external 
and the internal sections or layers of the core. 
If the core be thin or of small mass, this effect 
may be inappreciable; but in the case of a 
thick core, or even of a comparatively thin 
one, if the number of alternation or rate of 
change of the current strength be very 
great the time interval occurring between the 
manifestations of magnetism in the interior 
of the core and in those parts adjacent to the 
coil is more marked, and in the construction 
of such apparatus as motors which are de- 
signed to berun by alternating or equivalent 
currents—such as pulsating or undulating 
currents generally—I have found it desirable 
and even necessary to give due consideration 
to this phenomenon and to make special pro- 
visions in order to obviate its consequences. 
The specific object of my present invention is 
to take advantage of this action or effect, and 
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by rendering it more pronounced to utilize it 
in the operation of motors in general. This 
object I attain by constructing a field-magnet 
in which the parts of the core or cores that 
exhibit at different intervals of time the mag- 55 
netic effect imparted to them by alternating 
or equivalent currents in an energizing coil 
or coils are so placed with relation" to a rotat- 
ing armature as to exert thereon their attract- 


ive effect successively in the order of their 60 


magnetization. By this means I secure a 
similar result to that which I have heretofore 
attained in other forms or types of motor in 
which by means of one or more alternating 
currents I have produced a rotation or pro-. 65 
gression of the magnetic poles or points of 
maximum attraction of the field of force. 

In the drawings [haveshown asimple form 
of motor, which will serve to demonstrate the , 
principle of the mode of operation, which I 70 
have above described in general terms. 

Figure 1 is a side elevation of such motor. 
Fig. 2 is a side elevation of a more practica- 
ble and effieient embodiment of the inven- 
tion. Fig. 3 is a central vertical section of 75 
the same in the plane cf the axis of rotation. 

Referring to Fig. 1, let X represent alarge 
iron core, which may be composed of a num- 
ber of sheets or 1атіп of soft iron or steel. 
Surrounding this core is a coil Y, which is 80 
connected with a source E of rapidly-varying 
currents. Let us consider now the magnetic 
conditions existing in this core at any point, 
as b, at or near the center, and any other 
point, as a, nearer the surface. When acur- 
rent-impulse is started in the magnetizing- 
coil Y, the section or part at a, being close to 
the coil, is immediately energized, while the 
section or part at b, which, to use a conven- 
ient expression, is “protected” by the inter- go 
vening sections or layers between a and 8, 
does not at onceexhibitits magnetism. How- 
ever, as the magnetization of a increases, b 
becomes also affected, reaching finally its 
maximum strength some time later than a. 95 
Upon the weakening of the current the mag- 
netization of a first diminishes, while b still 
exhibits its maximum strength; but the con- 
tinued weakening of a is attended by a sub- 
sequent weakening of b. Assuming the cur- roo 
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rent to be an alternating one, a will now be 
reversed, while b still continues of the first-im- 
parted polarity. This action continues the 
magnetic condition of b, following that of ain 
the manner above described. If an arma- 
ture—for instance, a simple disk F, mounted 
to rotate freely on an axis—be brought into 
proximity to the core, a movement of rota- 
tion will be imparted to the disk, the direc- 
tion depending upon its position relatively to 
the core, the tendency being to turn the por- 
tion of the disk nearest to the core from a to 
b, as indicated in Fig. 1. This action or prin- 
ciple of operation I have embodied in a prac- 
ticable form of motor, which is illustrated in 
Fig. 2. Let A in said figure represent a cir- 


cular frame of iron, from diametrically-oppo-. 


site points of the interior of which the cores 
project. Each coreis composed of three main 
parts B, B, and C, and they are similarly 
formed with a straight portion or body e, 
around which the energizing-coil is wound, à 
curved arm or extension c, and an inwardly- 
projecting pole or end d. Each core is made 
up of two parts B B, with their polar exten- 
sions reaching in one direction and a part € 
between the other two and with its polar ex- 
tension reaching in the opposite direction. 
In order to lessen in the cores the circulation 
of currents induced therein, the several sec- 
tions are insulated from one another in the 
manner usually followed in such cases. These 
cores are wound with coils D, which are con- 
nected in the same circuit, either in parallel 
or series, and supplied with an alternating or 
a pulsating current, preferably theformer, by 
a generator E, represented diagrammatically. 
Between the cores or their polar extensions is 
mounted a cylindrical or similar armature 
F, wound with magnetizing-coils G, that are 
closed upon themselves, as is usual in motors 
of this general elass. 

The operation of this motor is as follows: 


When a current impulse or alternation is di- 


rected through the coils D, the sections B B 
of the cores, beingon the surface and iu close 
proximity to the coils, are immediately ener- 
gized. The sections C,on the other hand, are 
protected from the magnetizing influence of 
the coil by the interposed layers of iron B B. 
As the magnetism of B B increases, however, 
the sections С аге also energized; but they do 
not attain their maximum strength until a 
certain time subsequent to the exhibition by 
the sections B B of their maximum. Upon 


the weakening of the current the magnetic 
strength of B B first diminishes, while the 
sections C have still their maximum strength; 
but as B D. continue to weaken the interior 





sections are similarly weakened. BB may 
then begin to exhibit an opposite polarity, 
which is followed later by a similar change 
on C, and this action continues. B B and C 
may therefore be considered asseparate field- 
magnets, being extended so as to act on the 
armature in the most efficient positions, and 
the effect is similar to that in my other forms 
of motor—viz., a rotation or progression of 
the maximum points of the field of force. Any 
armature—such, for instance, as a disk— 
mounted in this field would rotate from the 





‘pole first to exhibit its magnetism to that 


which exhibits it later. 

It is evident that the principle herein de- 
scribed may be carried out in conjunction 
with other means, such as I have elsewhere 
set forth, for securing a more favorable or 
efficient action of the motor. For example, 


the polar extensions of the sections C may be: 


wound or surrounded by closed coils L, asin- 
dicated by dotted lines in Fig.2. The effect 
of these coils will be to still more effectively 
retard the magnetization of the polar exten- 
sions of C. 

I do not wish to be understood as limiting 
myself to any particular construction of this 
form of motor, as the same principle of action 
or operation may be carried out in a great 
variety of forms. 

What I claim is— 

1. In an alternating -current motor, the 
combination, with an energizing-coil and a 
core composed of two parts, one protected 
from magnetization by the other interposed 
between it and the coil, of an armature 
mounted with the influence of the fields of 
force prodüced by said parts, as set forth. 

2. 'The combination, in an alternating-eur- 
rent motor, of a rotating armature, a field- 
magnet composed of a coil and a core with 
two sections in proximity to the coil and an 


inner section between the same, the sections ~ 


being formed or provided with polar projec- 
tions extending in opposite directions over or 
around the armature, as set forth. 

3. The combination, in an alternating-cur- 
rent motor, of a rotating armature, a frame 
and field-magnets thereon, each composed of 
an energizing-coil wound around a core made 
up of outer and inner or protected magnetic 
sections, each of which is formed or provided 
with independent laterally-extended pole 
pieces or projections, as herein described. 


NIKOLA TESLA. 
Witnesses: 
Rost. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES 


NIKOLA TESLA, OF 


NEW YORK, N. Y., 


PATENT. OFFICE. 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 445,207, dated January 27, 1801. 
Application filed May 20, 1889. Serial No, 311,417, (No model) 


To ali whom it may concern: 

Ве it known that I, NIKOLA TESLA, à sub- 
ject of the Emperor of Austria- Hungary, from 
Smiljan, Lika, border country of Austria-Hun- 

5 gary, residing at New York, in the county and 


State of New York, have invented certain new 


and useful Improvements i in Electro-Magnetic 
Motors, of whieh the following is a specifica- 
uon, reference being had to the drawings ac- 

го companying and forming a part of the same. 
Among the various forms of alternating- 
“current motors invented by me is one which 

I have described in other applications, and 
which is constructed as follows: I build a field- 

;5 core with, say, four poles, between which is 


mounted an armature that is generally wound. 


with closed coils. On tio of the opposite 
poles of the field I wind primary coils, which 

_ re connected up inthe main circuit. On the 
“20 same cores I also wind secondary coils, which 
ате closed through coils on the other pair or 
set of poles. In this motor when an alternat- 
ing eurrent i3 eaused to passthrough the pri- 
mary eoils it energizes directly one set of 

25: poles and induces eurrents in the secondary 
coils, which aet to energize the other poles; 
Dut the phases of the current in the second- 
ary coils may differ in time from those of tho 


primary current, and hence a rotation or shift- 


30 ing of the poles is effected that imparts rota- 
tion to the motor. 
These motors may be constructed in many 
oiher ways; but for purposes of this case itis 
only necessary to consider the specific form 


35 which I have thus generally described, as my | 


improvements relate mainly to such form. 
The object of my present invention is to 
render this form of motor more efficient and 

to improve its action or mode of opération. 
40 Jn the motors constructed in accordance 
with this prineiple I bring two energizing- 
circuits into inductive relation in the: motor 
itself—that is to say, the secondary currents 
_which energize one set of. the field-cores are 
45 induced in “the motor itself, and the employ- 
ment of an external induction device is thus 
avoided. The operation of these motors, how- 


ever, is dependent upon the existence of a 
certain difference of phase between the cur- 
50 rents in the primary and secondary coils. To 
obtain a difference of phase or lag that is 


-since the sanie laws apply. 





| suited .to working conditions is the specific 


object cf my present invention. 

The folowing explanations will serve to 
illustrate the prineiple itpon which. said in- 55 
vention is based... Let it be assumed that an 


ordinary alternatin g-current generator ts con- 


nected up in a cireuit of practically no self- 
induction, such, for example, as a circuit eon- —— 
taining incandescent lamps only. On theop- бо 


-eration of the machine alternating curreņts 


will bedeyelopeđin thecireuit, andt the: phases 
of. these currents will theoretically coincide 


| with the phases of the impressed electro-1o- 
. tive force. 


Such currents may be regarded 65^ . 
and designated as.the *unretarded currents." ` 
It wil be understood, of course, that: In 
practice there is always more or less self-in- 
duction in the circnit, which modifies to a cor- 
responding éxtent these conditions; but for 70 
convenience this may be disregarded in the 
consideration ef the principle “of operation, 
Assume next 
that a path of currents be formed across any 
two points of the above cireuit, consisting, 75 
for example, of the primary of an induction 
device. ‘The phases of the currents passing 
through the primary, owing to the self-in- 
duction of the same, will not coincide with ` 
the phases of the impressed electro-motive 80 
foree, but will lag behind the same, such lag 
being directly proportional to the self-indue- 
tion and inversely proportional to the' resist- 
ance of the said coil: The insertion of this 
coil will also cause a lagging or retardation 85 
of the currents traversing and delivered by 
the generator behind the impressed électro- 
motive force, such lag being the mean or re- 
sultant of the lag of the cur rent through the 
primary alone and that of what I have des- 9o 
ignated the “unrctarded current” in the 
entire working-cireuit. Next consider the 
conditions imposed by the association in in- 
ductive relation with the primary coil of a 
secondary coil. The current generated in the 95 
secondary coil will react upon the primary 
current, modifying the retardation of the 
same, according to the amount of self-induc- 
tion and resistance in the secondary circuit. 
If the secondary circuit haye but little self- roo 
induction—as, for instance, when it contains 
incandescent lamps only—it will increase the 
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actual difference of. phase. between its own 
and the primary current, first, by diminish- 
ing the lag between the primary eurrent and 
the impressed electro-miotive force, and, sec- 


ond, by its own lag or retardation behind: 
On the - 


the impressed electro-motive force. 
other hand, if the secondary cireuit have a 


high self-induetion its lag behind the cur- 


vent in the primary is directly increased, 
while it will be still further increased if ‘the 
primary have a very lowself-induction. The 
better results. are obtained when the primary 
has a low self-induction. I apply these prin- 
ciples to the construction of a motor which I 
shall now deseribe. 


. The details of the improvements are из". 


trated in the drawings, in whieh- 


Figure 1 is a diagram of a motor exhibiting | 


ту invention. Vig: 2 is a similar diagram of 
a modification of the same. 

In Fig. 1 let A designate the field-magnet 
of a motor which, as. in all these motors, is 
built up of sections or plates. . .B C are polar 
projections upon which thé coils are wound. 
Upon one pair of these poles, as C, I wind 


primary coils D, which are directly connected 
to the circuit of an alternating-current gen-. 
erator G. On the same poles Talgo wind sec- 


ondary coils F, either side by side or over or 
under the primary coils, and these I connect 
with other coils E, which surround the poles 
BB. The currents in both primary and sec- 
ondary eoils in such a motor will be retarded 
or will lag behind the impressed electro-mo- 
tive foree; but. to secure a proper difference 
in phase between the primary and secondary 
currents themselves J increase the resistance 
of the circuit of the secondary and reduce as 
much as practicable its self-induction. I do 
this by using for the secondary circuit, par- 

ticularly in the coils E, wire of comparativ ely 


.Sinall diameter and having but few turns. 


around the cores; or I use some conductor of 
higher specific resistance, such as German 
silver; or I may introduce at some point in 
the secondary circuit an artificial vesistance 
R. Thus the self-induction of the secondary 
is kept down and its resistance increased 
with the result of decreasing the lag between 
the impressed electro-motive force and the 


г ептгепё іп the primary coils and increasing 


255 


the differenee of phase between the primary 
and secondary currents. 


In the disposition shown in Fig. 2 the lag 


in the secondary is increase. by increasing 
the self-induction of that. circuit, while the 
‘ inereased tendency of the primary to lag is 


‘have 


445207 


.eounteraeted by inserting therein a dead re- 
.The primary coils D'in this case 


sistance. 
a low self-induction and high resist- 
ance, while the coils E I’, included in the sec- 
ondary circuit, havea high self-induction and 
low resistance. This may be done by the 
proper winding of the coils, or-in the circuit 
including the secondary coils E F, E may in- 


‘troduce a self-induction coil S, while in the 


primary circuit from the gener ator G and in- 
eluding. coils D, I may insert a dead resist- 


“бо 


65 


ance.R. By this means the difference of. 


phase between. the primary and secondary is 
inereased. Tt is evident that both means: of 


by the special winding as well as by the sup- 
plemental or external inductive and dead re- 
sistance—may be employed conjointly. 

In the operation of this motor the curr ent 
impulses in the primary coils induce currents 
in the secondary coils, and by the conjoint 
action of the two the points of greatest mag- 
netie attraction are shifted or rotated. 

In practice L have found it desirable to 
wind the armature with closed ceils in which 
currents are induced by the action thereon 
of the primaries. 

I do not claim, broadly, herein the method 
of operating motors by inducing in one cir- 


70 


increasing the difference of phase—namely, ` 


8o 


85 


cuit currents by means of those in another, . 


nor the other features herein not specifically 
pointed out in the claims, having personally 


filed applications for such features. 


` What I claim is— 

1. The combination, in a motor, ofa primary 
energizing-circuit adapted to be connected 
with the circuit of a generator and a second- 
ary energizing-circuit in inductive relation 
thereto, the two circuits being of different 
electrical eharaeter or resistance, as set forth. 

9, Thecombination, in a motor, of a primary 
energizing-circuit adapted to be connested 
with the circuit. of a generátor anda second- 


ary energizing-circuit in induetive relation 


thereto, the. two eireuits being of different 
selft-induetion, as herein set forth. 

8. The combination, in a motor, of primary 
energizing-coils adapted to be connected to a 
source of current and secondary. energizing- 
coils in a circuit in inductive relation thereto, 
one set of said coils being formed by conduet- 
ors of small size and few turns, the other by 
conductors of larger size, as set.forth: 

NIKOLA TESLA.. 

Witnesses: . Е 

R. J. STONEY, Jr., 
E. P. COFFIN. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF OPERATING ARC LAMPS. 


SPECIFICATION forming part of Letters Patent No. 447,920, dated March 10,1891. 


Application filed October 1, 1890, 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, à sub- 
ject of the Emperor of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of Operating 
Are Lamps, of which the following is a speci- 
fication. 

This invention consists in an improved 
method of operating electric-arc lamps which 
are supplied with alternating or pulsating 
currents, 

It has now become a common practice to 
run are lamps by alternating or pulsating as 
distinguished from continuous eurrents; but 
an objection to such systems exists in the fact 
that the ares emit a pronounced sound, vary- 
ing with the rate of the alternations or pulsa- 
tions of current, but under any circumstances 
constituting an objectionable and disagree- 
able feature, for which heretofore no effective 
remedy has been found or proposed. This 


noise is probably due to the rapidly alternating | 


heating and cooling and consequent expan- 
sion and contraction of the gaseous matter 
forming the are which corresponds with the 
periods or impulses of the current, for I have 
succeeded in abating it and producing quiet 
and smoothly-acting lamps by increasing, per 
unit of time, the number of alternations or 
pulsations of the current producing the are 
to such an extent that the rate of the vibra- 
tions or changes in the are producing the 
noise approximately equals or exceeds that 
which is generally regarded as the limit of 
audition. Forexample,I may usea generator 
which produces ten thousand or more alter- 
nations of current per second. Insuch a case 
the periodical heating and cooling of the are 
would occur with such rapidity as to produce 
little or no perceptible effect upon the ear. 
There are a number of ways in which the 
current may be varied at a rate exceeding 
the limit of audition, but probably the most 
practicable known to me at present is by the 
use of an alternating-eurrent generator with 
a large number of poles, and specially con- 
strueted for the purpose. Such a generator, for 
the purpose of the illustration of this case, I 
have shown in the accompanying drawings. 
Figure 1 is a view of the generator in side 
elevation. Fig.2 is a vertical cross-section 
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of thesame with a diagram of the cireuit-con- 
nections. Fig. 3 is an enlarged view, in side 
elevation, of apart of the machine. Fig. 4 is 
an enlarged sectional detail of the armature 
and field. Fig. 5 is a detail section of the 
field-magnets exhibiting the plan of winding. 

A isan annular magnetic frame supported 
by the cross-bars or brackets B, provided with 
feet C, upon which the machine rests. The 
interior of the annulus A is provided with a 
large number of projections or pole-pieces D. 
These may be formed or applied in a variety 
of ways—as, for example, by milling trans- 
verse grooves E. 

Owing to the very large number and small 
size of the polesand thespaces between them, 
I apply the exciting or field coils by winding 
an insulated conductor F zigzag through the 
grooves, as shown in Fig. 5, carrying said wire 
around the annulus to form as many layers 
as is desired. In this way the pole-pieces D 
will be energized with alternately opposite 
polarity around the entire ring. 

For the armature I employ a spider or cir- 
cular frame G on a driving-shaft H, mounted 
in bearings in the brackets B. This spider 
carries a ring J, turned down, except at its 
edges, to form a trough-like receptacle for a 
mass of fine annealed iron wires K, which are 
wound in the groove to form the core proper 
for the armature-coils. Pins Lare set in the 
sides of the ringJ, and the coils M are wound 
over the periphery of the armature-strueture 
and around the pins. The coils M are con- 
nected together in series, and these terminals 
N carried through the hollow shaft H to con- 
tact-rings P P, from whence the currents are 
taken off by brushes O. In this way a ma- 
chine with a very large number of poles may 
þe constructed. It is easy, for instance, to 
obtain in this manner three hundred and 
seventy-five to four hundred poles in a ma- 
chine that may be safely driven at a speed of 
fifteen hundred or sixteen hundred revolu- 
tions per minute, which will produce ten 
thousand or eleven thousand alternations of 
current per second. Are lamps R R are 
shown in diagram as connected up in series 
with the machine in Fig.2. If sucha current 
be applied to running are lamps, the sound 
produced by or in the are becomes practically 
inaudible, for by inereasing the rate of Change 
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in the current, and consequently the number 
of vibrations per unit of time of the gaseous 
material of the are upto or beyond ten thou- 
Sand or eleven thousand per second, or to 
what is regarded as the limit of audition, the 
sound due to such vibrations will not be au- 
dible. 'l'he exaet number of ehanges or un- 
dulations necessary to produce this result will 
vary somewhat according to the size of the 
arc—that is to say, the smaller the arc the 
greater the number of changes that will be 
required to render it inaudible within certain 
limits. Of course, as the rate of alternations 
or undulations for a given size of arc becomes 
very high the sound produced is less percep- 
tible, and hence for some purposes the actual 
limit of audition may only be approached, 
provided the sound be rendered practically 
inaudible. 


447,920 


Another advantage gained by increasing as 
above set forth the number of alternations 
is that the are acts more like that produced 
by a continuous current, in that it is more 
persistent, owing to the fact that the time in- 
terval between undulations is so small that 
the gaseous matter cannot cool down so far 
as to increase very considerably in resistance. 

I elaim— 

'The method of abating or rendering inau- 
dible the sound emitted by are lamps sup- 
plied with or operated by an alternating or 
pulsating current by increasing the rate of 
such alternations or pulsations up to that of 
the limit of audition, as set forth. 

NIKOLA TESLA. 

Witnesses: 

FRANK B. MURPHY, 
RAPHAEL NETTER. 
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To ali whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Alternating-Current 
Machines, of which the following is a specifi- 
cation, reference being had to the accompa- 
nying drawings. 

In the systems of distribution of electrical 
energy from alternating-current generators 
in present use the generators give ordinarily 
from one to three hundred alternations of cur- 
rent per second. I have recognized and dem- 
onstrated in practice that it is of great ad- 
vantage, on many accounts, to employ in such 
systems generators capable of producing a 
very much greater number of alternations 
per second—say fifteen thousand per second 
or many more.. To produce such a high rate 
of alternation, it is necessary to construct a 
machine with a great number of poles or polar 
projections; but such construction, on this 
account, in order to be efficient, is rendered 
difficult. Ifan armature without polar pro- 
jections be used, it is not easy to obtain the 
necessary strength of field, mainly in conse- 
quence of the comparatively great leakage of 
the. lines of force from pole to pole. If, on 
the contrary, an armature-core formed or pro- 
vided with polar projections be employed, it 
is evident that a limit is soon reached at 
which the iron is not economically utilized, 
being incapable of folowing without consid- 
erable loss the rapid reversals of polarity. 
To obviate these and other difficulties, I have 
devised a form of machine embodying the 
following general features of construction. 

I provide a field-magnet core made up of 
two independent parts formed with grooves 
for the reception of one or more energizing- 
coils. The energizing coil, or coils, is com- 
pletely surrounded by the iron core, except 
on one side, where occurs the opening be- 
tween the polar faces of the core, which open- 
ing is made as narrow as the conditions of 
the machine will permit. The polar faces of 
the core of the field are not smooth, but formed 
with a great many projections or serrations, 
the points of which in one side or polar face 
are preferably exactly opposite those in the 
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other. Between the faces so formed I mount 
or support the armature coil or coils and pro- 
vide either for rotating the field-magnet or 
the armature, or both, and I arrange the said 
armature-coil or conductor so that it will be 
symmetrically disposed with respect to the 
field—that is to say,sothat when one portion 
of the conductor is passing through the 
strongest portion of the field the other por- 
tion, which forms the return for the former, 
is passing through the weakest points or 
parts of the field. ‘The strongest points of 
the field, it will be understood, are those be- 
tween the projections or points on the polar 
faces, while the weakest. points lie midway 
between them. 

A field-magnet, when constructed as above 
described, produces, when the energizing-coil 
is traversed by a continuous current, a field 
of great strength, and one which may be made 
to vary greatly in intensity at points not far- 
ther distant from one another than the eighth 
of an inch. In a machine thus constructed 
there is comparatively little of that effect 
which is known as “magnetic leakage,” and 
there is also but a slight armature reaction. 
Either the armature-conductor or the field- 
magnet may be stationary while the other ro- 
tates, and as it is often desirable to maintain 
the conductors stationary and to rotate the 
field-magnet I have made a special modifica- 
tion of the construction of the machine for 
this purpose, and with a view in such case of 
still further simplifying the machine and ren- 
dering it more easy to maintain in operation 
I arrange the armature-conductors and the 
frame or supports therefor so as to support 
also a fixed coil or coils for energizing the ro- 
tating field-magnet, thus obviating the em- 
ployment of all sliding contacts. 


In the accompanying drawings I have illus-. 


trated the two typical forms of my machine 
above referred to. 

Figure 1 isa vertical central section of the 
machine, taken on lines a a of Fig. 2; and 
Fig. 2is a horizontal section on line y y of 
Fig. 1. The machine in these two figures is 
one in which the armature-conduetor and the 
field-coil are stationary while the field-mag- 
net core revolves. Fig. 3 isa vertical central 
section of a machine embodying thesame plan 
of construction, but having a stationary field- 
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füáguet and fotaiing ürmüluíe; Fig.4 id à 
diagram illüsttating the peculidr eonfigüra- 
tion of the polar fates and the relation of the 
armature conductor or conductors thereto. 
In Figs. 1 and 2, A A designate two cylin- 
drical castings provided with bracket-arms B 
B, in which latter are bushings C for the ro- 
tating shaft. The conductor in which the 
currents are induced may be constructed or 
arranged in various ways; but I prefer to 
form it in the following manner: I take an 
annular plate of copper D and by means of a 
‘saw or other cutting-tool eut in it radial slots 
from one edge nearly through to the other, 
beginning alternatcly from opposite edges. 
In this way a continuous zigzag conductor is 
formed. ‘To the inner edge of this plate are 


` secured two rings of non-magnetic metal E, 
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which are insulated from the copper con- 
ductor, but held firmly thereto, as by means 
of bolts F. Within the rings Eis then placed 
an annular coil G, which is the energizing- 
coil for the field-magnet. The conductor D 
and the parts attached thereto are supported 
by means of the cylindrical shell or casting 
А А, е two parts of which are brought to- 
gether and clamped by bolts F’ to the outer 
edge of the conductor D. The conductor D 
is also insulated from the shell A. . 

The core for the field-magnet is built up of 
two circular parts H H, formed with annular 
grooves I, which, when the two parts are 
brought together, form a space for the recep- 
tion of the energizing-coil G. 
parts or hubs of the cores H II are trued off, 
so as to fit closely against one another, while 
the outer.portions or flanges which form the 
polar faces J J arereduced somewhat in thick- 
ness to make room for the conductor D, and 
are serrated on their faces or provided in any 
other convenient way with polar projections. 
The two parts of the core H II are mounted 
on and fixed to the shaft K, and are bound 
together by bolts L. The number of serra- 
tions in the polar faces is arbitrary; but there 
must exist between them and the radial por- 
tions of the conductor D a certain relation, 
which will be understood by reference to Fig. 
4, in which N N represent the projections or 
points on one face of the core of the field, 
апа 5 5 the points of the other face. The 
conductor D is shown in this figure in sec- 
tion, a a’ designating the radial portions of 
the conductor, and b the insulating-divisions 
between thesame. The relative width of the 
parts a a’ and the space between any two 
adjacent points N Nor § § is such that when. 
the radial portions a of the conductor are 
passing between the opposite points N §, 
where the field is strongest, the intermediate 
radial portions a’ are passing through the 
widest spaces midway between such points 
and where the field is weakest. Since the 
core on one side is of opposite polarity to the 
part facing it, all the points or projections of 
one polar face will be of opposite polarity to 
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spadé between any two Adjacent points on thé 
sanidfacé nidy Dé extremely small, theré ill 
be no ldakagé of thd tiagnetic lines bet ween 
any two points of the same name; but the 
lines of force will pass across from one set of 
points to the other. The ¢onstruction fol- 
lowed obviates to a great degree the distor- 
tion of the magnetic lines by the action of the 
current in the conductor D, in which it will 
be observed the current is flowing at any 
given time from the center toward the pe- 
riphery in one set of radial parts a and in the 
opposite direction in the adjacent parts a’. 
In order to connect the energizing- coil G 
with a source of continúous current, I have 
found it convenient to utilize two adjacent ra- 


dial portions of the conductor D for connect- - 


ing the terminals of the coil G with two bind- 
ing-posts M. Forthis purpose the plate D is 
eut entirely through, as shown, and the break 
thus made is bridged over by a short con- 
duetor c. 

At any convenient point tbe plate D iseut 
through to form two terminals d, whieh are 
conneeted to binding-posts N. 

The eore H H, when rotated by the driving- 


pulley P, generates in the conduetors D an 


alternating eurrent, which is taken off from 
the binding-posts N. It will be observed 
that from the nature of the construction de- 
scribed this machine is capable of producing 
an alternating current of an enormously high 
rate of alternations. s 

When it is desired to rotate the conductor 
between the faees of a stationary field-mag- 
net, I adopt the construction shown in Fig. 3. 
The conductor D in this case is or may be 
made in substantially the same manner as 
above described by slotting an annular con- 
ducting-plate and supporting it between two 
heads O, held together by bolts o and fixed 
to the driving-shaft K. The inner edge of 
the plate or conductor D is preferably flanged 
to secure a firmer union between it and the 
heads O. It is insulated from said head. 
The field-magnet in this case consists of two 
annular parts H H, provided: with annular 
grooves J for the reception of the coils. The 
flanges or faces surrounding the annular 
groove are brought together, while the inner 
flanges are serrated, as in the previous case, 
and form the polar faces. The two parts H 
H are formed with a base R, upon which the 
machine rests. 

S S are non-magnetic bushings secured or 
set in the central opening of the cores. 

The conductor D is cut entirely through at 
one point to form terminals, from which in- 
sulated conductors T are led through the 
shaft to collecting-rings V.. | 

What I elaim is— 

1. The combination, in an annular field of 
force formed by opposing polar faces with 
radial grooves or serrations and with said 
poles, of a connected series of radial conduct- 
ors so disposed with relation to the serrations 


those of the otherface. _Hence, although the | that while one portion of the radial conduct- 
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ors is passing between the strongest parts of | polar faces being placed with their grooves 
the field, or the points where the two poles | opposite to each other, and a conduetor or coil 


most nearly approach, the adjacent or inter- 
mediate conductors will pass through the 
weakest parts of the field, or the points where 
the two poles are most remote, as set forth. 

2. The combination, with a conneeted se- 
ries of radial conductors forming an annular 
coil, ofa stationary two-partsupporting-frame 
clamped to and insulated from the outer 
ends of said conductors, a ring formed in two 
parts clamped to the inner ends of the same, 
an energizing-coil contained in said ring, and 
a field-core made in two parts and inclosing 
said energizing-coil and presenting annular 
polar faces to the series of radial conductors, 
as described. 

8. The combination, with the annular con- 
ducting-plate slotted to form a connected se- 
ries of radial conductors, a sectional support- 
ing-frame secured to and insulated from the 
outer edge of the slotted plate, a sectional 
ring secured to and insulated from the inner 
edge of said plate, a hollow energizing-coil 
contained in said ring, and a field-core com- 
posed of two parts bolted together and recessed 
to inclose the energizing-coil, said cores being 
mounted in a rotating shaft, as set forth. 

4, The combination, with two annular po- 
lar faces of opposite magnetic polarity and 
formed with opposite points, projections, or 
serrations, of a conductor turned back upon 
itself in substantially radial eonvolutions and 
mounted in theannular field, whereby a rota- 
tion of the field or said eonduetor will develop 
therein an alternating current, as set forth. 

5. The combination, with a polar face of 
given polarity formed with grooves or serra- 
tions, of a polar face of opposite polarity with 
corresponding grooves or serrations, the two 
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mounted between said faces with the capa- 
bility of movement across the lines of force 
in a direction at right angles to that of the 
grooves or serrations, as set forth. 

6. In a magneto-eleetrie machine, the com- 
bination of a seetional frame, a field-magnet 
core composed of two connected parts, a rotat- 
ing shaft on which said core is mounted, a 
conductor in which currents are to be in- 
duced, the convolutions of which are radially 
disposed. between the polar faces of the field- 
core and secured to and supported by the 
frame, and an energizing-coil for the field- 
core supported by the induced-current coil 
and contained in an annular recess formed 
by grooves in the faces of the two sections of 
the field-core. 

7. The combination, with opposing field- 
magnet poles formed with projections or ser- 
rations in their faeces, the highest parts or 
prominences of one face being opposite to 
those of the other, of a conductor the convo- 
lutions of which are adapted to pass at right 
angles through the magnetic lines between 
the opposing prominences, as set forth. 

8. The combination, with a rotating field- 
magnet core having two opposing and annu- 
lar polar faces with radial grooves or serra- 
tions therein systematically disposed, so that 
the highest parts or prominences of one face 
lie opposite to those of the other, of a station- 
ary conductor with radial convolutions and 
mounted between the polar faces, as set forth. 


NIKOLA TESLA. 


Witnesses: 
Rost. F. GAYLORD, 
PARKER N. PAGE. 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria-Ilungary, from 
Smiljan, Lika, border country of Austria-Hun- 
gary, and aresident of New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Methods of 
and Apparatus for Electric Lighting, of which 
the following is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same: 7 

This invention consists in a novel method 
of and apparatus for producing light by means 
of electricity. 

-For a better understanding of the inven- 
tion it may be stated, first, that heretofore I 
have produced and employed currents of very 
high frequency for operating translating de- 


. vices, such as electrice lamps, and, second, 


3 


that currents of high potential have also been 


'" produced and employed for obtaining lumi- 


wn 
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nous effects, and this, in a broad sense, may. 


be regarded for purposes of this case as the 
prior state of the art; but I have discovered 
that results of the most useful character may 
be secured under entirely practicable condi- 
tions by means of electric currents in which 
both the above-described condifions of high 
frequency and great difference of potential 
are present. In other words, I have made the 


discovery that an electrical current of an ex- 


cessively small period and very high poten- 


- tial may be utilized economically- and prac- 
- ticably to great advantage for the production 


wn 
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ел 


of light. . оз 
Tt is difficult for me to define the exact lim- 


itsof frequency and potential within which my 


discovery is comprised, for the. results ob- 
tained are due to both conjointly; but I would 
make it clear that as to the inferior limits of 
both, the lowest frequency and potential that 
I contemplate using are far above what have 
‘heretofore been regarded as practicable. As 
an. instance of what I regard as the lowest 
practicable limits I would state that I have 
obtained fairly good results by a frequency 
as low as fifteen thousand to twenty thousand 


- per second and a potential of about twenty 


thousand volts. 


Both frequency and poten- 
tial may be enormously increased above these 


figures, the praetieal limits being determined: 


by the character of the apparatus and its ea- 
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pability of standing thestrain. Ido not mean 
by the term * excessively small period? and 
similar expressions herein to imply that I 
contemplate any number of pulsations or vi- 
brations per second approximating to the 
number of light-waves, and this will more 
fully appear from the description of the na- 
ture of invention which is hereinafter con- 
tained. 

The carrying out of this invention and the 
full realization of the conditions necessary to 
the attainment of the desired results involve, 
first, a novel method of and apparatus for 


producing the currents or electrical effects of. 


the character described; second, a novel 
method of utilizing and applying the same 


55 


for the production of light, and, third, a new . 


form of translating device or light-giving ap- 
plianee. These I shall now describe. 


"То ртодисе a current of very high frequeney ` 


and very high potential, certain well-known 


devices may be employed. For instance, as 
the primary souree of current or electrical 
energy a continuous-current generator may 


be used, the circuit of which may be inter- 


rupted with extreme rapidity by mechani- - 


eal devices, or a magneto-electrie machine 
specially constructed to yield alternating eur- 
rents of very small period may be used, and 
in either case, should the potential be too low, 
an induotion-coil may be employed to raise it; 
or, finally, in order to overcome the mechani- 


cal difficulties, which in such cases become 


practically insuperable before the best results 
are reached, the principle of the disruptive 
discharge may be utilized. Dy means of this 
latter plan I produce a much greater rate of 
change in the current than by the other means 


suggested, and in illustration of my invention 


[shall confine the description of the means or 


‘apparatus for producing the current to this 


plan, although I would not be understood as 
limiting myself to its use. The current of 
high frequency, therefore, that is necessary 


to the successful working of my invention I 


produce by the disruptive discharge of the 
accumulated energy of a condenser main- 
tained by charging said condenser from a 
suitable sourée and discharging it into or 


through a circuit under proper relations of 
-self-induction, capacity, resistance, and period 


in well-nderstood ways. Such a discharge is 
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known to be, under proper conditions, inter- 


‚ mittent or oscillating in character, and inthis 


сл 
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way a current varying in strength stan enor- 
mously rapid rate may be produced. Having 
produced in the above manner a current of ex- 
cessive frequency, I obtain from it by, means 
of an induction-coil enormously high poten- 
tials—that is to say, in the circuit through 
which or into.which the disruptive discharge 
of the condenser takes place I include tho pri- 
mary of a suitable induction-coil, and by a sec- 
ondary coil of much longer and finer wire I con- 
vert to currents of extremely high potential. 
The differences in the length of the primary 
and secondary coils in connection with the 
enormously rapid rate of change in the pri- 
mary current yield a secondary of enormous 
frequency and excessively high potential, 
Such currents are not, so far as Tam aware, 
available for use in the usual ways; but I have 
discovered that if I connect to either of the 
terminals of the secondary coil or source of 


_ current of high potential the leading-in wires 
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of such a device, for example, as an ordi- 
nary incandescent lamp, the carbon may be 
brought to and maintained at incandescences, 
or, in general, that any body capable of con- 


. Gucting the high-tension current described 


o 
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and properly inclosed in a rarefied or ex- 
hausted receiver may be rendered luminous 
or incandescent, either when connected di- 
rectly with one terminal of the Secondary 
source of energy or placed in the vicinity of 
such terminals so as to be acted upon induct- 
ively. : 

Without attempting a detailed explanation 
of the causes to which this phenomenon may 
be ascribed, I deem it sufficient to state that, 
assuming the now generally accepted theories 
of scientists to be correct, the effects thus 
produced are attributable to molecular bom- 


 bardment, condenser action, and electric or 
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сл 


etheric disturbances. Whatever part each 
or any of these causes may play in producing 
the effects noted, it is, however, a fact that a 
Strip of carbon or a mass of any other shape, 
either of carbon or any more or less conduct- 
ing substance in a rarefied or exhausted re- 


. ceiver and connected directly or inductively 
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io a source of electrical energy such as i 
kave described, may be maintained at incean- 
descenceif tho frequency and potential of the 
current be sufficiently high. е : 

I would here state that by the terms “ eur- 
rents of high frequency and high potential" 
and similar expressions whieh I have used in 
this description I do not.mean, necessarily, 
currents in the usual acceptancé of the term, 
but, generally speaking, electrical disturb- 
ances or effects such as would be produced in 
the ‘secondary source by the action of the 
primary disturbance or electrical effect. - 

It is necessary to observe in earrying out 


© -this invention that eare must be taken to re- 
65 


а. 


ondary 9’, 


intermediate to the source of current and the 
light-giving body. For this purpose the con- 
ductors should be free from projections and 
points and well covered or coated with a good 
insulator. ` 

The body to be rendered incandescent 
should be selected with a view to its сара- 
bility of withstanding the action to whieh it 
is exposed without being rapidly destroyed, 
for some conductors will be much more speed- 
ily consumed than others, 

I now refer to the accompanying drawings, 
in which— 

Figure 1 is a diagram of one of the special 
arrangements that I have employed in carry- 
ing out my discovery, and Figs. 2 and 3 are 
vertical sectional views of modified forms of 
light-giving devices that Ihave devised for 
use with the system. 

I would state that as all of the apparatus 
herein shown, with the exception of certain 
special forms of lamp invented by me, is or 
may be of well-known construction and in 
common use for other purposes, I have indi- 


cated such well-known parts therefor by cone 


ventional representations, 

G is the primary source of current or elec- 
trical energy. I have explained above how 
various forms of generator might be used for 
this purpose; but in the present illustration 


~ 
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95 


l assume that G is ап alternating-eurrent ` 


generator of comparatively low olcctro-motivo 
force.. Under such circumstances I raise tho 
potential of the current by means of an in- 
duction-coil having a primary P and a see- 
ondary 8. Then by the current developed in 
this secondary I charge a condenser C, and 
this condenser I discharge through or into a 
cireuit A, having an air-gap a, or, in general, 
means for maintaining a disruptive discharge. 
By the means above described a current of 
enormous frequency is produced. My object 
is next to convert this into a working-eircuit 
of very high potential, for which purpose I 
connect up in the circuit A the primary P’ of 
an induction-coil having a long fine wiro see- 
The current. in r 
develops in the secondary S’ 
trical effect of corresponding frequency, but 
of enormous difference of potential, and the 


Secondary $’ thus becomes the source of the 


— 


duce to a minimum the opportunity for the ` 


' . dissipation of the energy from the · conductors 


energy to be applied to the purpose of pro- 
ducing light. 


The light-giving devices may be connected: 


to either terminal of the secondary 8’. If de. 
sired, one terminal may 
condueting-wall W of a room or Space to be 
lighted and the other arranged for con nection 
of the lamps therewith. In such ease the 


"walls. should be eoated with some metallic or 
conducting substance in order that they may 


have sufficient conductivity. _, 

The lamps or light-giving devices may be 
an ordinary ineandescent lamp; but I prefer 
to. use specially-designed ‘lamps, examples of 
which T have shown in-detail in the draw- 


be connected to a’ 
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. the interior of the neck of the globe, and 
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' metallie plate o, 
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. is electrically eonnected with the said plate 
.. by 


6o 


‘of the globe 
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ings. This lamp consists of a rarefied or 
oxhausted bulb or globe which incloses a 
refractory conducting body, as carbon, of 
comparatively small bulk and any desired 
shape. This body is to be connected to the 
secondary by one or more conductors sealed 
in the glass, as in ordinary lamps, or is ar- 
ranged to be inductively connected thereto. 
For this last-named purpose the body is in 
electrical contact with a metallic sheet in 












on the outside of said neck is a second sheet 
which is to be connected with the source of 
current. These two sheets form the arma- 
tures of a condenser, and by them the cur- 
rents or potentials are developed in the light- 
giving body. As many lamps of this or other 
kinds may be connected to the terminal of 8’ 
asthe energy supplied is capable of maintain- 
ing at incandescence. 

In Fig. 3, b is a rarefied or exhausted glass 
globe or receiver, in which is a body of car- 
bon or other suitable conductor e, To this 
body is connected a metallic conductor f, 
which passes through and is sealed in the 
glass wall of the globe, outside of which it is 
united to a copper or other wire g, by means 
of which it is to be electrically connected to 
one pole or terminalof the source of current, |. 
Outside of the globe the conducting-wires are 
protected by a coating of insulation h, ofany 
suitable kind, and inside the globe the sup- 
porting-wire is inclosed in and insulated by a 
tube or coating X of a refractory insulating 
substance, such as pipe-clay or the like. A 
veflecting-plate / is shown applied to the out- 
side of the globe b. This form of lamp is a | 


conneetion with one terminal of the source 
of current; but, as above stated, there need 
not be a direct connection, for the carbon or 
other illuminating body may be rendered lumi- 
nous by inductive action of thecurrent there- 
on, and this may be brought about in sev- 
eral ways. The preferred form of lamp for 
this purpose, however, is shown in Fig. 2. 
In this figure the globe b is formed with a ey- 
lindrieal neck, within which is a tube or sheet 
m of conducting material on the side and 
over the end of a cylinder or plug n of any 
suitableinsulating material. The lower edges 
of this tube are in electrical contact with a 
secured to the cylinder n, all 
the exposed surfaces of such plate and of the 
other conductors being carefully coated and 
protected by. insulation. The light-giving 
body e, in this case a straightstem of earbon, 


a wire or conductor similar to the wire f, 
Fig. 3, which is.coated in like manner with a 
refractory insulating material k. The neck 
fits into a socket composed of an 
insulating tube or cylinder p, with a more or 
less complete’ metallic lining 8, electrically 


-connected by a metallie head or plate « with 


2 conductor g, that is to be attached to ono 


pole of the source of current. ‘The metallic 
lining s and the sheet m thus compose the 
plates or armatures of a condenser. 

This invention is not limited to the special 
means described for prođucing the results 
hereinabove set forth, for it will be seen that. 
various plans and means of producing cur- 
rents of very high frequency are known, and 


also means for producing very high poten- 


tials; but I have only described -herein cer- 
tain ways in which I have practically carried 
out the invention. 

WhatIclaimis— . 

.1. The improvement in the art of electric 
lighting herein described, which consists in 
generating or producing for the operation of 
the lighting devices currents of enormous fre- 
quency and excessively high potential, sub- 
stantially as herein described. 

2, The method of producing an electric cur- 
rent for practical application, such as for elec- 
trie lighting, which consists in generating or 
producing a current of encrmous frequency 
and inducing by such current in a working 
circuit, or that to which the lighting devices 
are connected, a current of corresponding 
frequency and excessively high potential, as 
set forth. . i . 

3. The method of producing an electrie eur- 
rent for practical application, such as for elec- 
triclighting, which consists in charging a con- 
denser by a given current, maintaining an 
intermittent or oscillatory discharge of said 
condenser through or into a primary circuit, 
and producing thereby in a secondary work- 
ing-cireuit in inductive relation to the pri- 
mary very high potentials, as set forth. 

4. The method of producing electric light 
by ineandescence by electrically or induct- 
ively connecting a conductor inclosed in a 
rarefied or exhausted receiver to one of the 
poles or terminals of a source of electric 
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energy or eurrent of à frequency and poten- . 


tial sufficiently high to render said body in- 
candescent, as set forth. | ^ | . 

5. A system of electric lighting, consisting 
in the combination, with a source of. electric 
energy or current of enormous frequency 
and excessively high potential, of an incan- 
descent lamp or lamps consisting of. a con- 
ducting body inclosed in a rarefied or ex- 
hausted receiver and connected directly or 
inductively to one pole or terminal of the 
source of energy, as set forth. 

6. In a system of electrie lighting, the com- 
bination, with a sourceof currents of enormous 
frequency and excessively high potential, 
of incandescent lighting devices, each con- 
sisting of a conducting body іпсіовей іп а 
rarefied or exliausted receiver, said conduct- 
ing body being connected directly or induet- 
ively to one pole or terminal of the source of 
current, and a conducting body or bodies in 
the vicinity of said lighting devices con- 
nected to the other pole or terminal of said 
source, as set forth. 
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7, In & system of electric lighting, the com- 
bination, with asource of currents of enormous 
frequency of excessively high potential, of 
gating devices, each consisting of a con- 
dusting body inclosed in a rarefied or ex- 


hausted recoiver and connected by conduct-' 


ors directly or inductively with one of the 
Vorminals of said soutee, all parts of the con- 


ductors intermediate to the said source and 
the light-giving body-being insulated and pro- 
tected to prevent the dissipation of the elec- 
tric energy, as herein set forth. 
NIKOLA TESLA. - 
Witnesses: 
PARKER W. PAGE, 
M. G. TRACY. 


| (No Model.) 
N. TESLA. 


ELEOTRO MAGNETIC MOTOR. 
No. 455,067. | | Patented June 30, 1891. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 455,067, dated June 80,1891. 
Application filed January 27,1891, Serial No, 379,281, (No model) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro-Magnetic Mo- 
tors, of which the following is a specification, 
reference being had to the accompanying 
drawings. 

The subject of my present invention is an 
improvement primarily designed for applica- 
tion to alternating-current motors of the 


special type invented by ime, and of which the | 


operation is due to the action of alternating 
currents differing in phase and directed 
through or developed in independent ener- 
gizing-circuits in the motor, and causing a 
shifting or rotation of the magnetic poles or 
their resultant attractive forces upon the ro- 
tating element or armature. 

My improvements are based upon certain 
laws governing the action or effects produced 
by a condenser when connected to an electric 
circuit through which an alternating orin gen- 


-eral an undulating current is made to pass. 
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Someof these effects, and those mostimportant 
ineonnection with my invention, areasfollows: 
l'irst, if the terminals or platesof a condenser 
be connected with two points of a circuit, the 
potentials of which are made to rise and fall 
in rapid succession, the condenser allows the 
passage or, more strictly speaking, the trans- 
ferrence of a current, although its plates or 
armatures may be so carefully insulated as to 
prevent almost completely the passage of a 
current of unvarying strength or direction 
and of moderate electro-motive force; second, 
if a circuit the terminals of which are con- 
nected with the plates of the condenser pos- 
sess a certain self-induction, the condenser 
will overcome or counteract to a greater or 
less degree, dependent upon well-understood 
conditions, the effects of such self-induction; 
third, if two points of a closed or complete 
circuit through which a rapidly rising and 
falling current flows be shunted or bridged 
by a condenser, a variation in the strength of 
the currents in the branches and also a dif- 
ference of phase of the currents therein is pro- 
duced. These effects I have utilized and ap- 


plied ix a variety of ways in the construction i core adapted to the invention, Fig. 3 





and. operation of my motors, as by producing 
a difference in phase in the two energizing- 
eireuits of an alternating-eurrent motor by 
connecting the two circuits in derivation and 
connecting up a condenser in series in one of 
the circuits; but such applications seem to be 
obvious to one familiar with my motors and 
the facts above enumerated. 

My present improvements, however, possess 
certain novel features of practical value and 
involve a knowiedge of facts less generally 
known. These improvements comprise the 
use of a condenser or condensers in connec- 
tion with the induced or armature cireuit of 
a motor and certain details of the construc- 
tion of such motors. In an alternating-cur- 
rent motor of the type to which I have par- 
tieularly referred above, orin any other which 
has an armature coil or circuit closed upon 
itself, the latter represents not only an in- 
duetive resistance, but one which is periodi- 
eally varying in value, both of which facts 
complicate and render difficult the attainment 
of the conditions best suited to the most effi- 
cient working of the motors. The most effi- 
cient working conditions, in other words, re- 
quire, first, that for a given inductive effect 
upon the armature there should be the great- 
est possible eurrent through the armature or 
induced coils, and, second, that there should 
always exist between the currents in the en- 
ergizing and the indueed circuits a given re- 
lation of phase. llenee whatever tends to 
deerease the self-induetion and inerease the 
current in the induced circuits will, other 
things being equal, increase the output and 
efficiency of the motor, and the same will be 
true of causes that operate to maintain the 
mutual attractive effect between the field- 
magnets and armature at its maximum. I 
secure these results by connecting with the 
induced cireuit or circuits a condenser, in the 
manner hereinafter described, and I also, 
with this purpose in view, construct the mo- 
tor in a special manner. 

Referring to the drawings for a particular 
description of the invention, Figure 1 is a 
view, mainly diagrammatic, of an alternating- 
current motor to which my present invention 
is applied. Fig. 2 is a central section, inline 
with the shaft, of a special form of armature- 
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similar section of a modification of the same. 
Fig. 4 is one of the sections of the. core de- 
tached. Vig. 5 is a diagram showing a modi- 
fied disposition of armature or induced сіг- 
cuits. 

The general plan of the invention is illus- 
trated in Fig. 1. A A in this figure repre- 
sent the frame and field-magnets of an alter- 
nating-current motor, the poles or projections 
of which are wound with coils B and C, form- 
ing independent energizing-circuits connect- 
ed either to the same or to independent sources 
of alternating currents, as is now well under- 
stood, so that the currents flowing through 
the circuits, respectively, will have a differ- 
ence of phase. Within the influence of this 
field is an armature-core D, wound with coils 
E. In my motors of this description hereto- 
fore these coils have been closed upon them- 
selves, or connected ina closed series; but in 
the present case each coil or the connected 
series of coils terminates in the opposite 
plates of a condenser E. For this purpose 
the ends of the series of coils are brought out 
through the shaft to collecting-rings G, which 
are connected to the condenser by contact- 
brushes H and suitable conductors, the con- 
denser being independent of the machine. 
The armature-coils are wound or connected 
in such manner that adjacent coils produce 
opposite poles. 

The action of this motor and the effect of 
the plan followed in its construction are as 
follows: The motor being started in opera- 
tion and the coils of the field-magnets being 
traversed by alternating currents, currents 
are induced in the armature-coils by one set 
of field-coils, as B, and the poles thus estab- 
lished are acted upon by the other set, as C. 
The armature-coils, however, have necessa- 
rily a high self-induction, which opposes the 
flow of the currents thus set up. The con- 
denser F not only permits the passage or trans- 
ferrence of these currents, but also counter- 
acts the effects of self-induction, and by a 
proper adjustment of the capacity of the con- 
denser, the self-induction of the coils, and the 
periods of the currents the condenser may 
be made to overcome entirely the effect of 
the self-induction. 

It is preferable on account of the undesir- 
ability of using sliding contacts of all kinds 
to associate the condenser with the armature 
directly, or make it a partof the armature. 
In some cases I build up the armature of an- 
nular plates K K, held by bolts L between 
heads M, which are secured to the driving- 
shaft, and in the hollow space thus formed I 
place a condenser EF, generally by winding the 
two insulated plates thereof spirally around 
the shaft. In other cases I utilize the plates 
of the core itself as the plates of the con- 
denser. Jor example, in Figs. 3 and 4, N is 
the driving-shaft, M M are the heads of the 
armature-core, and КОК” the iron plates of 
which the core is built up. These plates are 
insulated from theshaft and from one another, 
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and are held together by rods or bolts L. The 
bolts pass through a large hole in one plate 
and a small hole in the one next adjacent, 
and soon, connecting electrically all of plates 
IK, as one armature of a condenser, and all of 
plates I as the other. 

To either of the condensers above described 
the armature-coils may be connected, as ex- 
plained by reference to Fig. 1. 

In motors in which the armature-coils are 
closed upon themselves—as, for example, in 
any form of alternating-current motor in 
which one armature coil or set of coils is in 
the position of maximum induction with re- 
spect to the field coils or poles, while the other 
is in the position of minimum induction—the 
coils are preferably connected in one series, 
and two points of the cireait thus formed are 
bridged by a condenser. ‘This is illustrated 
in Fig. 5, in which E represents one set 
of armature -coils and E’ the other. Their 
points of union are joined through a con- 
denser F. It will be observed that in this 
disposition the self-induction of the two 
branches E and E’ varies with their position 
relatively to the field-magnet, and that each 
branch isalternately the predominating source 
of the induced current. Hence the effect of 
the condenser Fistwofold. First, itincreases 
the current in each of the branches alter- 
nately, and, secondly, it alters the phrase of 
the currents in the branches, this being the 
well-known effect which results from such a 
disposition of a condenser with a circuit, as 
above described. This effect is favorable to 
the proper working of the motor, because it 
inereases the flow of current in the armature- 
circuits due to a given inductive effect, and 
also because it brings more nearly into coin- 
eidenee the maximum magnetic effects of the 
coacting field and armature-poles. 

It will be understood, of course, that the 
causes that contribute to the efficiency of con- 
densers when applied to such uses as above 
must be given due consideration in determin- 
ing the practicability and efficiency of the 
motors. Chief among these is, as is well 
known, the periodicity of the current, and 
hence the improvements which I have here- 
in described are more particularly adapted to 


| systems in which a very high rate of alterna- 


tion or ehange is maintained. 

Although this invention has been illustrated 
herein in connection with a special form of 
motor, it will be understood that it is equally 
applicable to any other alternating-current 
motor in which there isa closed armature- 
coil wherein the currents are induced by the 
action of the field, and, furthermore, I would 
state that the feature of utilizing the plates 
or sections of a magnetic core for forming the 
condenser, I regard as applieable, generally, 
to other kinds of alternating-eurrent appa- 
ratus. 

Having now described my invention, what. 
I claim is— | 

1. Inanalternating-current motor, the com- 
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bination, with the field-magnets aud energiz- 
ing-eireuit, of an armature-cireuit and a core 
adapted to be energized by currents induced 
in its cirenit by the currents in the field-cir- 
cuit, and a condenser connected with thearma- 
ture-circuit only, as set forth. 

3. Inan alternating-eurrent motor, the com- 
bination, with armature-coils in inductive re- 
lation to the field and connected in a closed | 
circuit, of a condenser bridging said circuit, 
as set forth. 

3. Inan alternating-current motor, the com- 
bination, with an armature and two energiz- 
ing-cireuits formed by coils wound thereon in 
different inductive relations to the field and 
joined in a continuous or closed series, of a 
condenser the plates of which are connected, 
respectively, to the junctions of the cireuits 
or coils, as set forth. 

4. In an alternating-current motor, the com- | 





и 


bination, with the induced energizing coil or 
coils of the armature, of a condenser con- 
nected therewith and made a part of the ar- 
mature or rotating element of the motor. 

5. In analternating-eurrent motor, the com- 
bination, with an armature-core composed of 
insulated conducting-plates alternately con- 
nected to form a condenser, of an induced en- 
ergizing coil or coils wound thereon and con- 
nected to the plates or armatures of the said 
condenser. 

6. À magnetie core for alternating-current 
apparatus, composed of plates or sections in- 
sulated from each other and alternately con- 
nected to form the two parts or armatures of 
a condenser. 

NIKOLA TESLA. 

Witnesses: 

PARKER W. PAGE, 
FRANK B. MURPHY. 
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| ELECTRICAL METER. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. | . 


ELECTRICAL METER. 


SPECIFICATION forming part of Letters Patent No. 455,068, dated June 30, 1891. 
Application filed March 27,1891. Serial No. 386,666, (No model) 


Lo all whom tt may concern: 

. Beit known that I; NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 
aresidentof New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electrical Meters, of 
which the following is a specification, refer- 
ence being had to the drawings aecompany- 
ing and forming a part of the same. 

My invention pertains to methods of and 
apparatus for estimating the electrical energy 
that has been expended in an electric cireuit 
or any given portion of the same. 


The principle of theinvention is embodied. 


in any form of apparatus in which a con- 
ductor immersed in an electrolytic solution is 
so arranged that metal may be deposited upon 
it or taken away from it in such manner that 
its electrical resistance is varied in a definite 
proportion to the strength of the current the 
energy of which is to be computed, whereby 
such variation in. resistancé may serve as a 
measure of the energy or may be utilized in 
various well-understood ways to bring into ac- 
tion suitable automatic registering mechan- 
ism when the resistance exceeds or falls below 
predetermined limits. 

In carrying out my invention I prefer. to 
employ an electrolytic cell, through which ex- 
tend two conductors parallel and in close 
proximity to each other. Iconnect these con- 
ductors in series through a resistance, but in 
such manner that there is an equal difference 
of potential between them throughout their 
entire extent. The free ends or terminals of 
the conductors are connected either in series 
in the circuit supplying the. current to the 
lamps or other devices or in parallel to a re- 
sistance in the said circuit and in series with 
the translating devices. Under such circum- 
stances a current passing through the con- 
ductors establishes a difference of potential 
between them which is proportional to the 
strength of the current, in consequence of 
which there is a leakage of current from one 
conductor to the other across the solution. 
The strength of this leakage current is pro- 
portional to the difference of potential, and, 
therefore, in proportion to the strength of the 
current passing through the conductors. 
Moreover, as there is a constant difference of 
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potential between the two conductors through- 
out the entire extent that is exposed to the 
solution, the current density through such so- 
lution is thesame atall corresponding points, 
and hence the deposit is uniform along the 
whole of one of the conductors, while the 
metal is taken away uniformly from the other. 
The resistance of one conductor is by this 
means diminished, while that of the other is 
increased both in proportion to the strength 
of the current passing through the conductors. 
From such variation in the resistance of either 
or both of the conductors forming the positive 
and negative electrodes of the cell the current 
energy expended may be readily computed. 

Other modified arrangements of the con- 
ductors are contemplated, as will be under- 
stood from the following description and ref- 
erence to the drawings. 

The figures are diagrams showing the me- 
ter in operative relations to a working-cireuit 
and under slightly-modified arrangements. 

In Fig: 1, G designates a suitable direct- 
current generator. L L are the conductors 
of the eireuit extending therefrom and in- 
eluding and supplying lamps or other trans- 
lating devices T.. A is a tube, preferably of 
glass, the ends of which are sealed, as by 
means of insulating plugs or eaps B B. CC’ 
are two conduetors extending through the 
tube A, their ends passing out through the 
plugs B to terminals thereon. These con- 
ductors may be corrugated or formed in other 
proper ways to offer the desired electrical re- 
sistance. Ris a resistance connected in se- 
ries with the two conductors C C’, which by 
their free terminals are connected up in the 
circuit of one of the conductors L. . 

The method of using this device and com- 
puting by means thereof the energy of the 
current will be readily understood. First, 
the resistances of the two conductors С С”, 
respectively, are accurately measured. and 
noted. Then a kuowh current is passed 
through the instrument fora given time, and 
by a second measurement the increase and 
diminution of the resistances of the two con- 
ductors respectively taken. From these data 
the eonstant is obtained—that is to say, for 
example, the increase of resistance of one 
conductor or the diminution of the resistance 
of the other per lamp-hour. These two meas- 
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urements evidently serve as a check, since 
the gain of one conductor should equal the 
1088 ОҒ the other. A further check is afforded 
by measuring both wires in series with the re- 
sistance, in which case the resistance of the 
whole should remain constant. 

In Fig. 2 the conductors C C' are connected 
in parallel, the eurrent device at X pass- 
ing in one branch first through a resistance 
R and then through conductor C, while in 
the other branch it passes first through con- 
ductor C’, and then through resistance R”. 
The resistances R’ R” are equal, as also are 
the resistances of the conductors © ©’. Itis, 
moreover, preferable that the respective re- 
sistances of the conductors C C’ should be a 
known and convenient fraction of the coils 
or resistances Б’ В”. It will be observed 
that in the arrangement shown in Fig. 2 there 
is a constant potential difference between the 
two conductors О C’ threughout their entire 
length. 

It will be seen that in both cases illus- 
trated the proportionality of the increase or 
decrease of resistance to the current strength 
will always be preserved, for what one con- 
ductor gains the other loses, and the resist- 
ances of the conductors C C’ being small as 
compared with the resistances in series with 
them. Jt will be understood that after each 
measurement or registration of a given varia- 
tion of resistance in one or both conductors 
the direction.of the current should be changed 
or the instrument reversed, so that the de- 
posit will be taken from the conductor which 
has gained and added to that which has lost. 
This principle is capable of many modifica- 
tions. For instance, since there is a section 
of the cireuit—to wit, the conductor C or C’— 
that varies in resistance in proportion to the 
current strength, such variation may be util- 
ized, as is done in many analogous cases, to 
effect the operation of various automatie de- 
viees, such as registers. I prefer, however, 
for the sake of simplicity to compute the en- 
ergy by measurements of resistance. 

The chief advantages of this invention are, 
first, that it is possible to read off directly the 
amount of the energy expended by means of 
a properly-constructed ohm-meter and with- 
out resorting to weighing the deposit; second, 
it is not necessary to employ shunts, for the 
whole of the current to be measured may be 
passed through the instrument; third, the ac- 
curacy of the instrument and correctness of 
the indications are but slightly affected by 
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changesin temperature. In addition to these 
advantages the invention possesses the merit 
of economy in the waste of energy and sim- 
plicity, compactness, and cheapness in con- 
struction. 

What I claim is— 

1. The method of computing the amount of 
electrical energy expended ina given time in 
an electric cireuit, which consists in main- 


taining by the current a potential difference 


between two conductors in an electrolytic so- 
lution uniform throughout the whole extent 
of such conductors exposed to the solution 
and measuring the variation of the resistance 
in one or both of said conductors due to the 
gain or loss of metal by electro-deposition, as 
set forth. 

9. The combination, with an electric cir- 
cuit, of a meter composed of an electrolytic 
cell and two conductors passing through the 
same, the said conductors being in or con- 
nected with the main eireuit and so that a 
potential difference uniform throughout the 
whole extent exposed to the solution will be 
maintained between them, as set forth. 

3. The combination, with an eleetric eir- 
cuit containing translating devices, of a me- 
ter composed of an electrolytic cell and two 
conductors passing through the same and 
connected in series with the translating de- 
vices, and one or more resistances connected 
therewith for establishing a potential differ- 
ence between the two conductors through the 
solution of the cell, as set forth. 

4. Anelectrical meter consisting of an elec- 
trolytie cell, two parallel conductors extend- 
ing through the same, the said conductors be- 
ing connected together in series through a re- 
sistance and having terminals at their free 
ends for connection with a circuit, these parts 
being combined in the manner substantially 
as set forth. 

5. An electric meter consisting of a tubular 
cell containing an electrolytic solution and 
closed at the ends, two parallel conductors ex- 
tending through the cell, a resistance-connec- 
tion between the end of one conductor and 
the opposite end of the other, and terminals 
for the remaining ends of the respective con- 
ductors, these parts being combined as set 
forth. 

NIKOLA TESLA. 

Witnesses: 

OBT., F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES 


PATENT OFFICE, 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRIC INCANDESCENT LAMP. 


SPECIFICATION forming part of Letters Patent No. 455,069, dated June 80, 1891. 
` Application filed May 14, 1891, Serial No. 392,669, (No model) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New. York, in the eounty and State 
of New York, have invented certain new and 
useful Improvements in Electric Incandes- 
cent Lamps, of which the following is a speci- 
fication, reference being had to the draw- 
ings accompanying and forming a part of the 
same. 

My invention is a new form of lamp for 
giving light by the incandescence of carbon 
or other suitable refractory conductor pro- 
duced by electrical energy. 

In order to more distinctly point out those 
features which distinguish my invention, I 
would state that heretofore electric lamps 
have been made, first, by mounting a re- 
fractory conductor on metallic supporting- 
wires leading into a hermetically-sealed re- 
ceiver from which the air has been exhausted 
or replaced by an inert gas, and, second, by 
placing two independent conductors in à re- 
ceiver or globe and partially exhausting the 
air therefrom. In the first case the carbon 
or other conductor is rendered incandescent 
by the actual flow or passage of a current 
through it, while in the second the luminous 
effects, as heretofore produced, or, in fact, 


the only luminous effects that could be pro- 


duced by any means heretofore known, were 
due to an actual discharge of current from 
one conductor to the other across the inter- 
mediate space of rarefied air or gas. 

It may be further remarked that in various 
forms of Geissler or vacuum tubes the termi- 
nals or points within the tube become or have 
a tendency to become heated by the action 
of the high-tension secondary discharge. In 
such tubes, however, the degree of exhaustion 
is comparatively low, as a high vacuum pre- 
vents the well-known Geissler discharge or 
effect. Moreover, with such low degrees of 
exhaustion the points or wires, if heated and 
allowed to become incandescent, are speedily 
destroyed. . . 

I have discovered that two conducting- 
bodies mounted in a very highly exhausted 
receiver may be rendered incandescent and 
practically utilized as a source of light if 
connected directly or inductively to the ter- 





minals of a source of current of very great 
frequency and very high potential. 

The practical requirements of this inven- 
tion are widely different from those employed 
in producing any of the phenomena hereto- 
fore observed, such differences being mainly 
in respect to the current, which must be one 
of enormous frequency and of excessively 
high potential, and also to the degree of. ex- 
haustion of the globe or receiver, which must 
be carried at least beyond the point at which 


‘a spark-will pass, ог to the condition known 


as a “non-striking vacuum,” and it may be 
as much farther as possible. . 
This application is confined to a particular 
form of lamp which I employ in anew system 
invented by me, which system involves, as 
one of its essential characteristics, the em- 
ployment of currents or electric effects of a 
novel kind. In. an application filed by me 
April 25, 1891, No. 390,414, I have shown and 
described this system in detail, and IT there- 
fore deem it sufficient for the present case to 
say that the lamps herein described, while 
utterly inoperative on any of the circuits now, 
or, so far as I am aware, heretofore employed 
become highly efficient sources of light if the 
frequency of the current by which they are 
operated be sufficiently great and the poten- 
tial sufficiently high. ‘To produce such cur- 
rents, any known means may be utilized or 
the plan described in my said application fol- 
lowed of disruptively discharging the accumu- 
lated energy in a condenser into or through 
a primary circuit to produce a current of very 
high frequency, and inducing from this cur- 
rent acecondary current of avery much higher 
potential.. 
. I now refer to the drawings in illustration 
of the invention. 
Figure 1isa vertical sectional viewof à lamp 


| constructed with leading-in wires for direct 


connection with a circuit or source of current. 
Fig. 2 is a similar view of a form of lamp ar- 
ranged for inductive connection with such 
source, 
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The common methods or steps followed in - 


the manufacture of the ordinary incandescent 
lamps and Geissler tubes may be employed 
in the manufacture of these improved lamps 
as far as ‘applicable. : 

Ais a glass globe or receiver with a neck 
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or base B. Condueting-wires C C enter this 
globe and are sealed in the walls thereof. 
'The entering wires C aresurrounded by small 
tubes or cups D. The joints between ihe 
wires © and the incandescing conductors are 
made within these cups in any ordinary man- 
ner, and the lower parts of the cups are filled 
with bronze-powder E or other suitable ma- 
terial to effect a good electrical connection. 
The cups are then filled up with fire-clay or 
other refractory. non-conductor F, which is 
molded around the carbons G. The carbons or 
other refractory conductors or semi-conduct- 
ors G arecompletelyisolated from one another. 
They are here shown as slender strips; but 
they may have any other desired shape. 
Lamps thus made are attached to a vacu- 
um-pump in the usual way. After the pro- 
cess of exhaustion has been carried on for 
some time they are brought toincandescence 
by a suitable carrent, by which the fire-clay 
is thoroughly baked and the occluded gases 
are driven off. The exhaustion is carried to 
the highest possible point, and the globe 
finally sealed off at H. Inasmuch as thereis 
a tendency to sparking when the current is 
turned on before the exhaustion has been 
carried very high, it is well, when the char- 
acter of the carbon admits of it, to cause their 
ends to approach, in order that the sparks 
may leap across between such points, where- 
by the danger of injury to the carbons or the 
lamp is lessened. ‘he conductors outside the 
globe, as well as all those which convey the 
current from the source, should be carefully 
insulated to prevent the dissipation of the 
current. | 

In lieu of connecting the two carbons di- 
rectly to the circuit through leading-in wires, 
provision may be made for inductively con- 
necting them, as by means of condensers. 
Fig. 2 shows a form of lamp of this descrip- 
tionthatI have employed. The globe A has 
two extended tnbular portions B B’. Inside 
of these tubular extensions are condenser- 
coatings K K”. 

J J are plugs of fire-clay or the like con- 
tained in the extensions B В’. The two con- 
ductors G G are supported by these plugs 
and connected by metallic strips M with the 
condenser-coatings K K’, respectively. Over 
the outside of the extensions B DB’ are fitted 
insulating-caps N N’, having metallic linings 
O O', with terminals adapted for connection 
with the cireuit-wires. With such currents 
as are employed to operate these lamps. con- 
densers of small eapacity, such as those thus 
made, transmit the energy from the outside 
circuit to the carbons within the globe with 
little loss. Thislampis exhausted and sealed 
off from the pump in thesame mannerasthat 
first described. There is no electrical con- 


nection at any time between the two carbons 
of this lampand no visible discharge or trans- 
fer of current from one to the other through 
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the highly-rarefied medium between them. 


The fact, therefore,.of their being rendered, 


incandescent by the action of sueh a eurrent 
as I havo described seems to be mainly at- 
tributable to condenser action. 

The carbons, or whatever substance may 
be used in their stead, may be of any desired 
form and may be placed in different relative 
positions. 

The manner of making 
general form of the lamp as a whole may be 
varied in numberless ways. I have merely 
shown herein typical forms which embody 
the principle of the invention and which by 
experience I have demonstrated to be prac- 
tical lamps. 

As the lamps which I employ and which 
are made as above described are absolutely 
inoperative in any system from which the 
hereinbefore- described conditions of poten- 
tial and frequency are absent, so the various 
lamps heretofore devised for use with high- 
potential currents, in which the exhaustion, of 
necessity, has not been carried to or beyond 
the non-striking point, are practically worth- 
less in my new system, and this is the distin- 
guishing feature of novelty in my lamps—viz., 
that they are exhausted to or beyond the non- 
striking point. 

What I claim as my invention is— 

1. An incandescent lamp consisting of two 
isolated refractory conductors contained in a 
non-striking vacuum and adapted to produce 
light by incandescence, each being provided 
with a terminal for connection with a source 
of electrical energy, as set forth. 

‘9, The combination, with a globe or re- 
ceiver exhausted to the non-striking point, of 
two isolated bodies of refractory conducting 
material adapted to emit light by incandes- 
eence and mounted within said globe, and 


the lamp and the 
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means for connecting said bodies with ihe 


two poles or terminals, respectively, of a 
souree of electrical energy. 

3, In an incandescent electric lamp, the 
combination, with a globe or receiver ex- 
hausted to the non-striking point, of metallic 
wires sealed therein,. a refractory body 
mounted on or electrically connected to each 
wire, the said wires within the globe and such 
parts of the refractory body as are not to be 
rendered incandescent being coated or cov- 
ered with insulation, as set forth. 

4. The combination, with a globe or re- 
eeiver exhausted to the non-striking point, of 
metallie wires sealed therein, a refraetory 
conductor united to each of said wires with- 
in the globe, an insulating-covering around 
the wires and joint, and & refractory insulat- 
ing-body surrounding the refractory conduet- 
ors near the joint, as set forth. 

NIKOLA TESLA. 

Witnesses: 

RonBT. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 459,772, dated September 22, 1891. 
Application filed April 6, 1889, Serial No. 306,165. (No model.) | 


To ali whom it may concern: ` with a current of a very high number of al- 
Be it known that I, NIKOLA 'TESLA, a sub- | ternations the motor may not respond prop- 
ject of the Emperorof Austria, from Smiljan, | erly. To avoid this objection and to start up | 
Lika, border country of Austria-Hungary, re- | a synchronizing motor in which these condi- g5 
5 siding at New York, in the county and State | tions obtain is the object of my present in- 
of New York, have invented certain new and | vention. I have therefore combined two mo- 
useful Improvements in Electro-Magnetic | tors, one a synchronizing motor, the other a 
Motors, of which the following is a specifica- | multiple-eireuit or torque motor, and by the 
tion, reference being had to the drawings ac- | latter I bring the first named up to speed, 6o 
то companying and forming a part of the same. | and then either throw the whole current into 
As is well known, certain forms of alternat- | the synchronizing motor or operate jointly 
ing-current machines havethe property, when | both of the motors. 
connected in circuit with an alternating-cur- This invention involves several novel and 
rent generator, of running as a motor in syn- | useful features. It will be observed, in the 65 
I5 chronism therewith; but while thealternating | first place, that both motors are run without 
'eurrent will ran the motor after it has at- | commutators of any kind, and, secondly, that 
+ tained a rate of speed synehronous with that | the speed of the torque motor may be higher 
of the generator it will notstartit. Hencein | than that of the synchronizing motor, as will 
all instances heretofore when these “synchro- | be the case when it ecntains a fewer number 7o 
20 nizing motors,” as they are termed, have been | of poles or sets of poles, so that the motor will 
run, Some means have been adopted to bring | be more readily and easily brought up to speed. 
the motors up to synchronism with the gen- | Thirdly, the synchronizing motor may be con- 
erator, or approximately so, before the alter- | structed soas to havea much morepronounced 
nating current of the generator is applied to | tendency to synchronism without lessening 75 
25 drive them. the facility with which it is started. 
In an application filed February 18, 1889, In the drawings I have illustrated the in- 
Serial No. 800,220, [haveshown and described | vention. 
an improved system of operating this class Figure 1 is a part sectional view of the two 
| 





of motors, which consists, broadly, in wind. | motors; Fig. 2,an end view of the synchroniz- 80 
3o ing or arranging the motor in such manner | ing motor; Fig. 2, an end view and part sec- 
that by means of suitable switches it could | tion of the torque or double-eireuit motor; 
be started as & multiple-eireuit motor, or one | Fig. 4, à diagram of the cireuit connections 
operating by a progression of its magnetic | employed; and Figs. 5, 6, 7, 8, and 9 are dia- 
poles, and then, when up to speed, or nearly | grams of modified dispositions of the two mo- 85 
35 во, converted into an ordinary synchronizing | tors. 
motor, or one in which the magnetic poles Inasmuch as neither motor is doing any 
were simply alternated. In some cases, as | work while the current is acting upon the 
when a large motor is used and when the | other, I prefer torigidly connect the two arma- 
number of alternations is very high, there is | tures. I therefore mount both upon the same oo 
40 more or less difficulty in bringing the motor | shaft A, the field-magnets B of the synchro- 
to speed as a double or multiple-cireuit mo- | nizingand Cof the torque motor being secured 
tor, for the plan of construction which renders į to the same base D. The preferably larger 
the motor best adapted to run as a synchro- | synchronizing motor has polar projections on 
nizing motor impairs its efficiency as a torque | its armature, which rotate in very close prox- 95 
45 or double-cireuit motor under the assumed | imity to the poles of the field, and in other 
conditions on the start. This will be readily | respects it conforms to the conditions, now 
understood, for in a large synchronizing mo- | well understood, that ave necessary to secure 
tor the length of the magnetic cireuitofthepo- | synchronous action. I prefer, however, to 
lar projectionsand their massare so great that | wind the pole-pieces of the armature with roo 
қо apparently considerable time is required for | closed coils E, as this obviates the employ- 
magnetization and demagnetization. Mence | ment of sliding contacts. The smaller or 
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torque motor, on the other hand, has, prefer- 
ably, à cylindrical armature F, without polar 
projections and wound with elosed eoils G, as 
I have described in my previous patents, 
5 notably No. 382,279, dated May 1,1888. ‘The 
field-coils of the torque motor are connected 
up in two series H and L and the alternating 
eurrentfrom thegeneratoris directed through 
or divided between these two circuits in any 
10 manner to produce a progression of the poles 
or points of maximum magnetie effect. I 
secure this result in a convenient way by 
connecting the two motor-cireuits in deriva- 
tion with the circuit from the generator, in- 
15 serting in one motor-eireuit a dead resist- 
ance and in the other aself-induction coil, by 
which means a difference in phase between 
the two divisions of the current is secured. 
If both motors have the same number of field- 
poles, the torque motor for a given number 
of alternations will tend to run at double the 
speed of the other, for, assuming the connec- 
tions to be such as to give the best results, its 
poles are divided into two series and the 
a5 number of poles is virtually reduced one-half, 
which being acted upon by the same number 
of alternations tend to rotate the armature 
at twice the speed. By this means the main 
armature is more easily brought to or above 
the required speed. When the speed neces- 
sary for synchronism is imparted to the main 
motor, the current is shifted from the torque 
motor into the other. | 

A convenient arrangement for carrying out 
35 this invention is shown in Fig. 4. In said 
figure J J are the field-coils of the syehroniz- 
ing, and H I the field-coils of the torque, mo- 
tor L L’are the conductors of the main 
line. One end of, say, coils His connected to 
wire L through a selt-induetion eoil M. One 
end of the other set of coils I is connected to 
the same wire through a dead resistance N. 
The opposite ends of these two circuits are 
connected to the contact m of a switch the 
45 handle or lever of which is in connection with 
the line-wire L'. One end of the field-cireuit 
of the synchronizing motor is connected to 
the wire L. The other terminatesintheswitch- 
contact л. From the diagram it will be read- 
ily seen thatif the lever P be turned onto 
contact m the torque motor will start by 
reason of the difference of phase between the 
currents in its two energizing-circuits. Then 
when the desired speed is attained if the le- 
55 ver P be shifted onto contact 1 the entire 
eurrent will pass through the field-coils of the 
synchronizing motor and the other will be 
doing no work. 

The torque motor may be constructed and 
operated in various ways, many of which J 
have described in other applications; butI do 
not deem it necessary in illustration of the 
principle of construction and mode of opera- 
tion of my present invention to describe these 
65 further herein. It is not necessary that one 

motor be cut out of circuit while the other is 
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in, for both may be acted upon by the cur- 
rent at the same time, and I have devised va- 
rious dispositions or arrangements of the two 
motors for accomplishing this. Some of these 70 
arrangements are illustrated in Figs. 5 to 9. 

Referring to Fig. 5, let T designate the 
torque or multiple-circuit motor and Š the 
synchronizing motor, LL’ being the line-wires 
from a source of alternating current. The 75 
two circuits of the torque motor of different 
degrees of self-induction, and designated by 
NM, are connected in derivation to the wire 
L. They are then joined and connected to 
the energizing-circuit of the synchronizing 
motor, the opposite terminal of which is con- 
nected to wire L’. The two motors are thus 
in series. To start them I short-circuit the 
synchronizing motor by a switch P’, throwing 
the whole current through the torque motor. 85 
Then when the desired speed is reached the 
switch P” is opened, so that the current passes 
through both motors. In such an arrange- 
ment as this it is obviously desirable for 
economical and other reasons that a proper 
relation between the speeds of the two motors 
should be observed. 

In Fig. 6 another disposition is illustrated. 
Sis the synchronizing motor and T the torque 
motor, the circuits of both being in parallel. 95 
W is acircuit also in derivation to the motor- 
circuits and containing a switch P”. Sisa 
switch in the synchronizing-motorcireuit. On 
the start the switch S' is opened, cutting out 
the motor S. Then P” is opened, throwing 
the entire current through the motor T, giv- 
ing it a very strong torque. When the de- 
sired speed is reached, switch S' is closed and 
the current divides between both motors. By 
means of switch P'' both motors may be сиб ros 
out. 

In Fig. 7 the arrangement is substantially 
the same, except that a switch ‘I’ is placed in 
the circuit which includes the two circuits of 
the torque motor. 

Fig. 8 shows the two motors in series, with 
a shunt around both containing a switch S T. 
There is also a shunt around the synchroniz- 
ing motor S, with a switch TP". 

In Fig. 9 the same disposition is shown; 
but each motor is provided with a shunt, in 
which are switches P’ and T”, as shown. 

The manner of operating the systems will 
be understood from the foregoing deserip- 
tions. 

I do not claim herein the torque motor nor 
any part thereof, except in so far as they en- 
ter into the combination which forms the sub- 
ject of this application, for I have made the 
distinguishing features of said motor the sub- 125 
ject of other applications. 

What I now claim is— 

1. An alternating-current non-synchroniz- 
ing electric motor coupled with a synchroniz- 
ing alternating-current motor, substantially 
as set forth, whereby the former starts the 
latter and throws it into synchronism with 
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its actuating-current, and switch mechanism 
for directing the current through either or 
both of the motors, as set forth. 

2. The combination of two motors the ar- 
matures of which are mounted upon the same 
shaft, one of said motors being an alternating- 
current torque motor, or one in which the 
magnetic points or poles are progressively 
shifted by the action of the energizing-cur- 
rent, the other motor being an alternating- 
currentsynchronizing motor, and switch mech- 
anism for directing the current through either 
or both of said motors, as set forth. 

3. The combination, with an alternating- 
current synchronizing motor having one en- 
ergizing-field, of an alternating-current torque 
motor having a plurality of energizing-cir- 
cuits and adapted to be operated by currents 
differing in phase, and a switch for directing 
the alternating current or currents through 
the several circuits of one motor or the single 
circuit of the other, as and for the purpose 
set forth. 

4. The combination, with an alternating- 
current motor having field-cores wound with 
coils adapted to be connected to a source of 
alternating currents and an armature wound 
with induced coils closed upon themselves, of 


a starting device for bringing said motor into 
synekronism with the generator with which 
it is connected. | 

5. The combination, with an alternating- 
current motor composed of a multipolar al- 
ternating field-magnet, and an armature hav- 
ing poles wound with coils elosed upon them- 
selves, of a starting device, as set forth. 

6. Inan alternating-current motor, the com- 
bination of a field-magnet having poles wound 
with coils adapted when connected with a 
source of alternating current to produce si- 
multaneously opposite magnetic polarities 
and an armature provided with poles or pro- 
jections and wound with coils connected in 
a continuously-closed unconnected circuit, as 
set forth. 

7. The herein-described method of operat- 
ing alternating-current motors, which consists 
in actuating a motor by an alternating cur- 
rent to bring a second alternating -current 
motor up to synchronizing speed relative to 
the actuating-current and then switching the 
synchronizing motor into circuit. 

NIKOLA TESLA. 

Witnesses: 

GEORGE N. MONRO, 
EDWARD T. EVANS. 
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UNITED STATES 


PATENT OFFICE. 


~ NIKOLA TESLA, OF NEW YORK, N. Y. 


©. METHOD OF AND APPARATUS FOR ELECTRICAL CONVERSION AND DISTRIBUTION. 


SPECIFICATION forming part of Letters Patent No. 462,418, dated November 3, 1891. 
Application filed February 4, 1891, Serial No, 380,182, (No model.) 


To ail whom it may concern: 

Be it known that I, NIKOLA. TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of and Ap- 
paratus for Electrical Conversion and Distri- 
bution, of which the following is a specifica- 


tion, reference being had to the drawings ac- 


companying and forming a part of the same. 

This invention is an improvementin meth- 
ods of and apparatus for electrical conversion, 
designed for the better and more economi- 
cal distribution and application of electrical 
energy for general useful purposes. 

My invention is based on certain electrical 
phenomena which have been observed by 
eminent scientists and recognized as due to 
laws which have been in a measure demon- 
strated, but which, so far as I am aware, have 
not hitherto been utilized or applied with 
any practically useful results. Stated brief- 
ly, these phenomena are as follows: First, if 
a condenser or conductor possessing capacity 
be charged from a suitable. generator and 
discharged through a circuit, the discharge 
under certain conditions will be of an inter- 


‘mittent or oscillatory character; second, if 


two points in an electric circuit through which 
acurrent rapidly rising and falling in strength 
is made to flow be connected with the plates 
or armatures of a condenser, a variation in 
the current’s strength in the entire circuit or 
in a portion of the same only may be pro- 
duced; third; the amount or character of 
such variation in the current’s strength is 


` dependent upon the condenser capacity, the 


45 


50 


. self-induction and resistance of the cireuit or 
19. 


its sections, and the period or time rate of 
change of the current. It may be observed, 
however, that these several factors—the ea- 
pacity, the self-induction, resistance, and pe- 
riod—are all related in a manner well uuder- 
stood by electricians; but to render such con- 
version as may be effected by condensers 
practically available and useful it is desir- 
able, chiefy on account of the increased out- 
put and efficiency and reduced cost of the 
apparatus, to produce current-impulses suc- 


ceeding each other with very great rapidity, 


or, in other words, to render the duration of 


t lower tension and greater volume. 


eaeh impulse, alternation, or oscillation of 
the current extremely small. To the many 
difficulties in the way of effecting this me- 
ehanieally, as by means of rotating switches 
or interrupters, is perhaps due the failure to 
realize practically, at least toany marked de- 
gree, the advantages of which such a system 
is capable. To obviate these difficulties, I 
have in my present invention taken ad- 
vantage of the fact above referred to, and 
which has been long recognized, that if a con- 
denser or a conductor possessing capacity be 
charged froin a suitable source and be dis- 
charged through a circuit the discharge un- 
der certain ‘conditions, dependent on the ca- 
pacity of the condenser or conductor, the self- 
induetion and resistance of the discharging 
circuit, and the rate -of supply and decay of 
the electrical energy, may be effected inter- 
mittently or in the form of oscillations of ex- 
tremely small period. | 7 

Briefly stated in general terms, the plan 
which I pursue in carrying out my invention 
is as follows: 

I employ a generator, preferably, of very 
high tension and eapable of yielding either 
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direct oralternatingcurrents. Thisgenerator . 


I connect up with a condenser or conductor 
of some capacity and discharge’ the aeeumu- 
lated electrical energy disruptively through 
an air-space or otherwise into a working cir- 
cuit containing translating devices and, when 
required, condensers. These discharges may 
be of the same direction or alternating and 
intermittent, succeeding each other more or 
less rapidly or oscillating to and fro with ex- 
treme rapidity. In the working circuit, by 
reason of the condenser action, the current 
impulses or discharges of high tension and 
small volume are converted into currents of 
The pro- 
duetion and application of a current of such 
rapid oscillations or alternations (the number 
may be many millions per second) secures, 
among others, the following exceptional ad- 
vantages: First, the capacity of the condens- 
ers' for a given output is much diminished; 
second, the efficiency of the condensers is in- 
creased and the tendency to, become heated 
reduced, and, third, the range of conversion 
is enlarged. 
ducing a system or method of conversion 
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radically differeut from what has been done | rate at which the cireuit including the gen- 
heretofore—first, with respeet to the number | erator is capable of taking up and getting rid 
of impulses, alternations, or oscillations of eur- | of the energy. Sinee the resistance and self- 
rent per unit of time, and, second, with respect | induction of the working circuit C and the 
to the manner in whieh the impulses are ob- | rapidity of the successive diseharges may be 
tained. To express this result, I define the | varied at will, the current strength in the 
working current as one of an excessively small | working and generating circuit may bear to 
period orof an excessively largenumberof im- | one another any desired relation. . 

pulses or alternations or oscillations per unit ‘To understand the action of the local con- 
of time, by which I mean not a thousand or | denser E in Hig. 2, let. a single discharge be 
even twenty or thirty thousand persecond, but | first considered. This discharge has two 
paths offered—one to the condenser E, the 
other through the part L of the working eir- 
cuit C. -The part L, however, by virtue of its 
self-induction, offers a strong opposition to 
such a sudden discharge, while the condenser, 
more in detail of the nature of my invention, | on the other hand, offers no such opposition. 
referring to the accompanying drawings. | The result is that practically no current 

The two figures are diagrams, each repre- | passés at first through the branch I, bub. pre- 
senting & generating-cireuit, a working cir- ! sumably opposite electrieities rush to the 
euit, means for producing an intermittent condenser-coatings, this storing for the mo- 
or oscillating discharge, and condensers ar- | mentelectrical energyinthe condenser. Time 
ranged or combined as contemplated by my Lis gained by this means, and the condenser 
invention. . о then discharges through the branch L, this 

in Figure 1, A represents a generator of high | process being repeated for each discharge oc- 
tension; Ë B, the conductors which lead out eurring at D. The amount of -electrical en- 
from the same. To these conductors are con- ergy stored in the condenser at each. charge 
nected the conductors © of a working cireuit | is dependent upon the capacity of the con- 
containing translating devices, such as in- | denser and the potential of its plates. it is 
candescentlampsormotorsG. In oneor both evident, therefore, that the quicker the dis- 
conductors B is a break D, the two ends be- charges succeed each other the smailer for a 
ing separated by an air-space or a film of insu- given output need be the capacity of the con- 
lation, through which a disruptive discharge | denser and the greater is also the efficiency of 
takes place. F isa condenser, the plates of | the condenser. This is confirmed by prac- 
which are connected tothe generating-circuit. | tical results. : : 
Ifthis cireuit possess itself sufficient eapacity, The discharges occurring at D, as stated, 
the condenser F may be dispensed with. may be of the same direction or may be alter- 

in Fig. 2 the generating-cireuit B B con- | nating, and in the former ease the devices 
tains a condenser F and discharges through | contained in the working circuit may be trav- 
the air-gaps D into the working circuit ©, to | ersed by currents of the same or alternately- 
any two points of whieh is connected a con- opposite direction. It may be observed, how- 
denser E. The condenser Eis-used to modify | ever, that each intermittent discharge occur- 
the current in any partof the working cireuit, | ring at D may consist of a number of oscilla- 
such as L. | | tions in the working circuit or branch L. 

It may eonduce to a better understanding | A periodieally-oseillating discharge will oc- 
of the invention to considér more in detail | cur at D in Fig. 1 when the quantities con- 
the conditions existing in such a. system as | cerned bear a certain relation expressed in 
is illustrated in Fig. 1. Let it be assumed, ; well-known formule and ascertained by sim- 
therefore, that in the system there shown the ple experiment.. In this case it is demon- 
rate of suppiy of the electrical energy, the | strated in theory and practice that the ratio 
capacity, self-induetion, and the resistance of .of the strength of the eurrent in the working 
the circuits are so related that a disruptive, | tothat in the generating circuits is the greater 

‘Intermittent, or oscillating discharge occurs | the greater the self-induction, and thesmaller 
at D. Assume that the first-named takes the resistance of the working circuit the 
place. This will evidently occur when the | smaller the period of oseillation. | 
rate of supply from the generator is not ade- I do not limit myself to the use of any spe- 
quate to the capacity of the generator, con- | cific forms of the apparatus described in con- 
ductors B B, and condenser F. Each time nection with this invention nor to the precise 
the condenser F is charged to such an extent | arrangement of the system with respect to its 
that the potential or accumulated charge over- | details herein shown. In the drawings re- 
comes the dielectrie strength of the insulat- turn-wires are shown in the cireuit; but it will 
ing-space at D the condenser is discharged. | be understood that in any case the ground 
1t is then reebarged from the generator A, and | may be conveniently used in lieu of the re- 
this process is repeated in more or less rapid | turn-wire. ` 
succession. The discharges will follow each  Whaticlaimis— ` ` 
other the more rapidly tlie more nearly the i. The method of electrical conversion here- 
rate of supply from the generator equals the | in described, which consists in charging gecon- 


made intermittent, alternating, or oscillating 
of itself without the employment of mechani- 
eal devices. ` : 

І пох proceed to an explanation somewhat 
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denser or conductor possessing capacity and | more air-gaps or breaks in the conducting 
maintaining a succession of intermittent or | medium, the electrical conditions being so ad- 
oscillating disruptive discharges of said con- | justed that an intermittent or oscillating dis- 
ductor into a working circuit containing | ruptive discharge from the generating into 15 
translating devices. т ! the working circuit will be maintained, as set 

2, In a system of electrical conversion, the | forth. 
combination of a generator or source of elec- . NIKOLA TESLA. 


trieity and a line or generating cireuit con- 

taining a condenser or possessing capacity, Witnesses: 

and a working circuit operatively connected ROBT. F. GAYLORD; 
with the generating-circuit through one or PARKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Letters Patent No. 464,666, dated December 8, 1891. 
Application filed July 13,1891, Serial No, 399,312, (No model.) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, & sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the drawing ac- 
companying and forming a part of the same. 

The general object of my present invention 
is to secure artificially a difference of a quar- 
ter of a phase between the currents in the 
two energizing-circuits of an alternating-cur- 
rent electro-magnetic motor of that general 
class invented by me, in which the action or 
operation is dependent upon the inductive in- 
fluence upon a rotating armature of inde- 


pendent field magnets or coils exerted suc-. 


cessively and not simultaniously. 

It is a well-known fact that if the field or 
energizing circuits of such a motor be both 
derived from the same source of alternating 
currents and a condenser of proper capacity 
be included in one of the same, approxi- 
mately the desired difference of phase may 
be obtained between the currents flowing di- 
rectly from the source and those flowing 
through the condenser; but the great size and 
expense of condensers for this purpose that 
would meet the requirements of the ordinary 
systems of comparatively low potential are 
practically prohibitory to their employment. 

Another now well-known method or plan 
of securing a difference of phase between the 
energizing-currents of motors of this kind is 
to induce by the currents in one circuit those 
in the other circuit or circuits; but no means 
have heretofore been proposed that would se- 
cure in this way between the phases of the 
primary or inducing and the secondary or in- 
duced currents that difference-—-theoretically 
ninety degrees—that is best adapted for prac- 
tical and economical working. 

I have devised a means which renders prac- 
ticable both theabove-described plans or meth- 
ods, and by which Iam enabled to obtain an 
economical and efficient alternating-current 
motor, my invention consisting in placing a 
condenser in the secondary or induced cireuit 
of the motor above described and raising the 
potential of the secondary currents to such a 








degree that the capacity of the condenser, 
which is in part dependent on the potential, 
need be quite small. The value of this con- 
denser will be determined in a well-under- 
stood manner with reference to theself-induc- 
tion and other conditions of the circuit, so as 
to cause the currents which pass through it 
to differ from the primary currents by a quar- 
ter-phase. 

The drawing is a partly-diagrammatie illus- 
tration of a motor embodying my invention. 

LThave illustrated the invention as embodied 
in a motor in which the inductive relation of 
the primary and secondary circuits is secured 
by winding them inside the motor partly 
upon the same cores; but it will be under- 
stood that the invention applies, generally, to 
other forms of motor in which one of the en- 
ergizing-currents is induced in any way from 
the other. 

Іеї А В represent the poles of an alternat- 
ing-current motor, of which C is the arma- 
ture wound with coils D, closed upon them- 
selves, as is now the general practice in mo- 
tors of this kind. The poles A, which alter- 
nate with poles B, are wound with coils of or- 
dinary or coarse wire E in such direction as 
to make them of alternate north and south 
polarity, as indicated in the diagram by the 
characters N S. Over these coils orin other 
inductive relation to the same are wound long 
fine-wire coils F F and in the same direction 
throughout as the coils E. These coils are 
secondaries, in which currents of very high 
potential are induced. I prefer to connect 
all the coils E in one series and allthe sec- 
ondaries F in another. 

On theintermediate poles D are wound fine- 
wire energizing-coils G, which are connected 
in series with one another and also with the 
series of secondary coils FP, the direction of 
winding being such that a current-impulse 
induced from the primary, coils E imparts the 
same magnetism to the poles B as that pro- 
duced in poles A by the primary impulse. 
This condition is indicated by the characters 
N' S. 

In the cireuit formed by the two sets of 
coils F and G is introduced a condenser Н; 
otherwise the said circuit is closed upon itself, 
while the free ends of the circuit of coils ЕЁ 
are connected to a source of alternating cur- 
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rents. As the condenser capacity which is 
needed in any particular motor of this kind 
is dependent upon the rate of alternation or 
the potential, or both, its size or cost, as be- 
fore explained, may be brought within eco-. 
nomieal limits for use with the ordinary cir- 
cuits if the potential of the secondary circuit 
in the motor be sufficiently high. By giving 
to the condenser proper values any desired 
difference of phase between the primary and 
secondary energizing-cireuits may be ob- 
tained. 

What I claim is— 

1. In an alternating-current motor provided 
with two or more energizing or field circuits, 
one of which is adapted for connection with 
a source of currents and the other or others 
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ininductiverelation thereto, the combination, 
with the secondary or induced cireuit or cir- 
cuits, of a condenser interposed in the same, 
as set forth. 

9, Inan alternating-current motor, the com- 
bination of two energizing-circuits, one Con- 
nectedor adapted for connection with a source 
of alternating currents, the other constitut- 
ing a high-potential secondary circuit in in- 


ductive relation to the first, and a condenser - 


interposed in said secondary circuit, as set 
forth. . 
NIKOLA TESLA. 


Witnesses: 
Rost, F. GAYLORD, 
ERNEST HOPKINSON. 
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SPECIFICATION forming part of Letters Patent No. 464,667, dated December 8, 1891. 
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To all whom it may concern: 
Be it known that L, NIKOLA TESLA, a citi- 
zen of the United States, residing at New 


' York, in the county and State of New York, 
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have invented a certain new and useful Im- 
provement in Electrical Condensers, of which 
the following is a specification, reference be- 
ing had to the accompanying drawings. 

The subject of my present application is a 
new and improved electrical condenser con- 
structed with a view of obviating certain de- 
fects which I have observed to exist in the or- 
dinary forms of such apparatus when em- 
ployed in the system devised by me of pro- 
ducing light and other effects by means of 
eurrents of high frequency and high poten- 
tial. . 

I have found thatinsulating material such 
as glass, mica, and, in general, those bodies 
which possess the highest specific inductive 
capacity are inferior as insulators in such 
devices when currents of the kind described 
are employed to those possessing high insu- 
lating power, together with a smaller specific 
inductive capacity, and I have also found that 
it is very desirable to exclude all gaseous mat- 
ter from the apparatus, or any access to the 
same to the electrified surfaces, in order to 


prevent heating by molecular bombardment ! 


and the loss or injury eonsequentthereon. I 
have found that I may aecomplish these re- 
sultsand produce highly efficient and reliable 
condensers by using oil as the dielectric, and 
in this my invention resides. 

No special construction of the condenser is 
necessary to a demonstration of the inven- 
tion; but the plan admits of a particular con- 
struction of condenser, in which the distance 
between the plates is adjustable, and of which 
I take advantage. 

In the accompanying drawings, Figure 1 is 
a section of a condenser constructed in ac- 
cordance with my invention and having sta- 


tionary plates, and Fig. 2 is asimilar view of 
a condenser with adjustable plates. 

I use any suitable box or receptacle A to 
contain thé plates or armatures. These lat- 
ter are designated by D and C and are con- 
nected, respectively, to terminals D and E, 
which pass out through the sides of the case. 
The plates ordinarily are separated by strips 
of porous insulating material F, which are 
used merely for the purpose of maintaining 
them in position. ‘The space within the can 
is filled with oil G. Such a condenser will 
prove highly efficient and will not become 
heated or permanently injured. 

In many cases it is desirable to vary or ad- 
just the capacity of a condenser, and this I 
provide for by securing the plates to adjust- 
able supports—as, for example, to rods Н— 
passing through stuffing-boxes K in the sides 
of the case A and furnished with nuts L, the 
ends of the rods being threaded for engage- 
ment with the nuts. 

It is well known that oils possess insulating 
properties, and it has been a common prac- 
tice to interpose a body of oil between two 
conductors for purposes of insulation; but I 
have discovered peculiar properties in oils 
which render them very valuable in this par- 
ticular form of device, their employment in 
| which has never heretofore and, so far as I 
am aware, been regarded as necessary or even 
desirable. 


| 
| 
| 
| 
| 
| 
| 


| What I elaim is— 


1. An electric condenser composed of plates 


| or armatures immersed in oil. 


2. An electrical condenser composed of 
plates or armatures adjustable with respect 
to one another and immersed in oil. 


NIKOLA TESLA. 


Witnesses: 
PARKER W. PAGE, 
MARCELLA. G. TRACY. 
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To all whom it may concern: 
` Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria-Hungary, for- 
merly of Smiljan, Lika, border country of Aus- 
5 tria-Hungary, but now residing at New York, 
inthe county and Stateof New York, have in- 
vented certain new and useful Improvements 
in Systems for the Electrical Transmission of 
Power, of which the following is a specifica- 
ro tion, reference being had to the drawings ac- 
companying and forming a part of the same, 
This invention is an improvement in sys- 
tems of electrical distribution of power where- 
in are employed motors having two or more 
15 independent energizing- circuits, through 
which are passed alternating currents differ- 
ing in phase that are produced by a magneto- 
electric machine havingindependent induced 
circuits, or that are obtained from any other 
20 suitable source or by any other suitable means. 
In illustration of the various conditions which 
I regard asmost importantto an attainment 
of the best results from the use of motors of 
this character, I have heretofore used gener- 
25 ally forms of generator in which therelations 
of the induced or current-generating coils and 
field-magnets were such that but twoimpulses 
` Or current are produced in each coil by a sin- 
gle revolution of the armature or field cores. 
30 The rate, therefore, at which the different 
phases or impulses of current in the line-cir- 
cuits succeeded one another was so little 
greater than that at which the armature of 
the generator revolved that without special 
35 provision the generator required to be run at 
very high speed to obtain the best results. 
It is well known that the most efficient re- 
sults are secured in the operation of such mo- 
tors when they are run at high speeds; but as 
40 the practicable rate of speed is much limited 
by mechanical conditions, particularly in the 
case of large generators, which would be re- 
quired when a number of motors are run from 
asingle souree, I have sought to produce a 
45 greater number of current impulses by a slow 
or slower speed than that at which the ordi- 
nary bipolar machines may be economically 
operated. Itherefore adapttomy system any 
of the various types of multipolar alternat- 
5o ing-current machines which yield a consid- 


992, (No model.) 


erablenumberof current reversals orimpulses 
for each revolution of the armature by ob- 
serving the main condition essential to the 
operation of my system that the phases of the 
currents in the independent induced circuits 
of the generator should not coincide, but ex- 
hibitasufficient difference in phase to produce 
the desired results. I may accomplish this in 
a variety of ways, which, however, vary only 
in detail, since they are based upon the same 
underlying principle. Forexample, toadapta 
given type of alternat:ng-current generator I 
may couple rigidly two complete machines, se- 
curing them so that the requisite difference 
in phase between the currents produced by 
each will be obtained, or J may secure two 
armatures to the same shaft within the influ- 
ence of the same field and with an angular 
displacement that will produce the proper 
differencein phase between the two currents, 
or I may secure two armatures to the same 
shaft with their coils symmetrically disposed, 
and place two sets of field-magnets at such 
angle as tosecure the same result, or, finally, 
I may wind on thesame armature the two sets 
of coils alternately, or in such manner that 
they will develop currents, the phases of 
which differ in time sufficiently to produce 
rotation of the motor. 

Another feature of my invention is in the 
plan which I have devised for utilizing gen- 
erators and motors of this type, whereby a 
single generator may be caused to run a num- 
ber of motors either at the same speed as its 
own or all at differentspeeds. This I accom- 
plish by constructing the motors with fewer 
poles than the generator, in which case their 
speed will be greater than that of. the gener- 
ator, the rate of speed being higher as the 
number of their poles is relatively less. This 
will be understood from an example. Sup- 
pose the generator has two independent gen- 
erating-coils which revolve between two pole- 
pieces oppositely magnetized and that the 
motor has energizing-coils that produce at 
any given time two magnetic pules in one 
element that tend to set up a rotation of the 
motor. A generator thus constructed yields 
four impulses or reversals of current by each 
revolution, two in each of its independent 
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eireuits, and J have demonstrated that the ef- 
fect upon a motor such as that mentioned is 
to shift the magnetic poles through three 
hundred and sixty degrees. It is obvious 
that if the four reversals in the same order 
could be produced by each half-revolution 
of the generator the motor would make two 
revolutions to the generator’s one. This 
would be readily accomplished by adding two 
intermediate poles to the generator or alter- 
ing it in any of the other equivalent. ways 
above indicated. The same rule applies to 
generators and motors with multiple poles. 
For instance, if a generator be constructed 
with two circuits, each of which produces 
twelve reversals of current to a revolution, 
and ihese currents be directed through the 
independent energizing-coils of a motor, the 
coils of which are so applied as to produce 
twelve magnetie poles at all times, the rota- 
tion of the two will be synehronous; but if 
the motor-coils produce butsix poles the mov- 
able element will be rotated twice while the 
generator rotates once, or if the motor have 
four poles its rotation will be three times as 
fast as that of the generator. 

These features, so far as it is necessary to 
an understanding of the invention, are illus- 
trated in the accompanying drawings. 

Figure 1 is à diagrammatie illustration of 
a generator constructed in accordance with 
my invention. Fig. 2 is a similar view of a 
correspondingly-construeted motor. Fig. 3is 
adiagram of agenerator of modified construc- 
tion. Fig. 4 is a diagram of a motor of cor- 
responding character. Fig. 5 is a diagram of 
a system containing a generator and several 
motors adapted to run at various speeds. 

In Fig. 1, let C represent a cylindrical arma- 


; türe-eore wound longitudinally with insulated 


coils A A, which are connected up in series, 
the terminals of the series being connected 
to collecting-rings a a on the shaft G. Ву 
means of this shaft the armature is mounted 
to rotate between the poles of an annular 
field-magnet D, formed with polar projec- 
tions wound with coils E, that magnetize the 
said projections. The coils E are included 
in the circuit of a generator F, by means of 
which the field-magnet is energized. If thus 
constructed, the machine isa well-known form 
of alternating-current generator. To adapt 
it to my system, however, I wind on armature 
С а second set of coils B D intermediate to 
the first, or, in other words, in such positions 
that while the eoils of one set are in the rela- 
tive positions to the poles of the field-magnet 
to produce the maximum current those of the 
other set will be in the position in which they 
produce the minimum current. The coils B 
are connected, also, in series and to two col- 
lecting-rings b b, secured generally to the shaft 
at the opposite end of the armature. 

The motor shown in Fig. 2 has an annular 
field-magnet H, with four pole-pieces wound 
with coils I. The armature is constructed 
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similarly to that of the generator, but with 
two sets of two coils in closed circuits to cor- 
respond with the reduced number of mag- 
netie poles in the field. 

From the foregoing it is evident that one 
revolution of the armature of the generator 
producing eight current impulses in each cir- 
cuit will produce two revolutions of the mo- 
tor-armature. 

The application of the principle of this in- 
vention is not confined toany particular form 
of machine. In Figs. 3 and 4a generator and 
motor of another well-known type are shown. 
In Vig. 3,J J are magnets disposed in a circle 
and wound with coils K, which are in circuit 
with a generator which supplies the current 
that maintains the field of force. Inthe usual 
construction of these machines the armature- 
conductor L is carried by a suitable frame,so 
as to be rotated in face of the magnets J J or 
between these magnets and another similar 
set in face of them. The magnets are ener- 
gized so as to be of alternately-opposite po- 
larity throughout the series, so that as the 
conductor С is rotated the current impulses 
combine or are added to one another, those 
produced by the conductor in any given posi- 
tion being allin the same direction. To adapt 
such a machine to my system, I add a second 
set of induced conductors M, in a.l respects 
similar to the first, but so placed with refer- 
ence to it that the currents produced in each 
will differ by a quarter-phase. With such re- 
lations it is evident that as the current de- 
creases in conductor L it increases in con- 
ductor M, and conversely, and that any of the 
forms of motor invented by me for usein this 
system may be operated by such generator. 

Fig. 4 is intended to show a motor corre- 
sponding to the machine in Fig.3. The con- 
struction of the motor is identical with that 
of the generator, and if coupled thereto it will 
run synchronously therewith. J’ J’ are the 
field-magnets, and K’ the coils thereon. Т ів 
one of the armature-conductors and M" ihe 
other. 

Fig. 5 shows in diagram other forms of ma- 
chine. The generator N in this case is shown 
as consisting of a stationary ring O, wound 
with twenty-four coils P P’, alternate coils 
being connected in series in two circuits. 
Within this ring is a disk or drum Q, with 
projections Q’ wound with energizing-coils in- 
cluded in circuit with a generator R. By driv- 
ing this disk or cylinder alternating currents 
are produced in the coils P and P’, which are 
carried off to run the several motors. 

The motors are composed of a ring or an- 
nular field-magnet S, wound with two sets of 
energizing-coils T T’, and armatures U, hav- 
ing projections U’ wound with coils V, all 
connected in series in a closed circuit or each 
closed independently on itself, 

Suppose the twelve generator-coils P are 
wound alternately in opposite directions, so 
that any two adjacent coils of the same set 
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tend to produce a free pole in the ring O be- 
tween them and the twelve coils P’ to be 
similarly wound. A single revolution of the 
disk or cylinder Q, the twelve polar projec- 
tions of which are of opposite polarity, will 
therefore produce twelve current impulses in 
each of the circuits W W’. Hence the motor 
X, which has sixteen coils or eight free poles, 
will make one and a half turns to the gener- 
ator’s one. The motor Y, with twelve coils or 
six poles, willrotate with twice the speed of the 
generator, and the motor Z, with eight coils or 
four poles, will revolve three times as fast as 
the generator. These multipolar motors have 
a peculiarity which may be often utilized to 
great advantage. For example, inthe motor 
X, Fig. 5, the eight poles may be either alter- 


nately opposite or there may be at any given 


time alternately two like and two opposite 
poles. Thisis readily attained by making 
the proper electricalconnections. The effect 
of such a change, however, would be the same 
as reducing the number of poles one-half, 
and thereby doubling thespeed of any given 
motor. In these and other respects it will be 
seen that the invention involves many im- 
portant and valuable features. 

It isobvious that the electrical transform- 
ers described in prior patents to me and 
which have independent primary currents 
may be used with the generators herein de- 
scribed. 


| 
It may be stated with respect to the de- 


vices hereinafter set forth that the most per- 
fect and harmonious action of the generators 
and motors is obtained when the numbers of 
the poles of each are even and not odd. If 
this is not the case, there will be a certain 
unevenness of action which is the less appre- 
ciable as the number of poles is greater; but 
even this may be in a measure corrected by 
special provisions which it is not here neces- 
sary to explain. It also follows, as a matter 
of course, and from the above it is obvious, 
that if the number of the poles of the motor 
be greater than that of the generator the mo- 





tor will revolve at a slower speed than the 
generator. 2 

What I claim as my invention is— 

1. The combination, with an alternating- 
current generator comprising independent 
armature-circuits formed by conductors al- 
ternately disposed, so that the currents de- 
veloped therein will differ in phase, and field- 
magnet poles in excess of the number of arma- 
ture-circuits, of a motor having independent 
energizing-circuits connected to the armature- 
circuits of the generator, substantially as set. 
forth. 

2. The combination, with a source of alter- 
nating currents which differ in phase and com- 
prising a rotating magneto-electric machine 
yielding agiven number of current impulses 
or alternations for each turn or revolution, of 
a motor or motors having independent ener- 
gizing-cireuits through which the said cur- 
rents are caused to flow, and poles which in 
number are less than the number of current 
impulses produced in each motor-cireuit by 
one turn or revolution of the magneto-ma- 
chine, as set forth. 

3. The combination, with a multipolar al- 


‘| ternating-current machine having independ- 


ent induced or current-generating circuits, of 
motors having independent energizing-cir- 
cuits and a smaller number of poles than the 
generator, as set forth. 

4. The combination, with an alternating- 
current generator having independent in- 
duced circuits and constructed or adapted to 
produce a given number of current impulses 
or alternations for each turn or revolution, of 
motors having corresponding energizing-cir- 
cuits and poles which in number are less 
than the number of current impulses pro- 
duced in each circuit in a turn or revolution 
of the generator, as set forth. 


NIKOLA TESLA. 


Witnesses: 
FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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Lo att whom tt may concern: 
, Beit known that I, NIKOLA 'TESLA, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-Hun- 
5 gary, residing at New. York, in the county 
and State of New York, have invented cer- 
tain new and useful Improvementsin the Elec- 
trical Transmission of Power, of which the 
following is a specification, reference being 
10 had tothe drawings accompanying and form- 
ing a part of the same. 

In certain patents heretofore granted, Ihave 
shown and described a system of electrical 
power transmission, in which each motor con- 

13 tained two or more independent energizing 
„circuits through which were caused to pass al- 
ternating currents, having in each circuit such 
a difference of phase that by their combined 
orresultantaction they produced a rotary pro- 
20 gression of the poles or points of maximum 
magnetic effect of the motor and thereby 
maintained the rotation of its movable ele- 
ment. In the system referred to and de- 
scribed in said patents, the production or 
25 generation of the alternating currents upon 
the combined or resulant action of which the 
operation of the system depends, is effected 


by the employment of an alternating current | 


generator with independent induced circuits 
30 which, by reason of the windingor other con- 
struction of the generator produced currents 
differing in phase, and these currents were 
conveyed directly from the generator to the 
corresponding motor coils by independent 
35 lines orcircuits. Ihave, however, discovered 
another method of operating these motors, 
which dispenses with one of the line circuits 
and enables me to run the motors by means 
of alternating currents from a single original 
40 source. 

Broadly stated this invention consists in 
passing alternating currents, obtained from 
one original source, through both of the en- 
ergizing circuits of the motor, and retarding 

45 the phases of the current in one cireuit toa 
greater or less extent than in the other. 

The distribution of current between the 
two motor circuits may be effected by induc- 
tion or by derivation, In other words, I may 

50 pass the alternating current from the source 
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such eurrent a seeond eurrent in the other 
energizing circuit. Or, on the other hand, I 
may connect up the two energizing circuits 

of the motor in derivation or multiple are 55 
with the main circuit from the source. In 
either event I make due provision for main- 
taining a difference of phase between the cur- 
rents in the two circuits or branches. 

In carrying out my invention I have used 6o 
various means for securing this result. For 
example, when J induce a current in one of 
the circuits from the current fiowing in the 
other, I employ a form of converter or bring 
the two circuits into such inductive felations 65 
as will produce the necessary difference of 
phase, Or, when I obtain the two energizing 
currents by derivation, I make the two cir- 
cuits of different degrees of self induction by 
inserting a resistance or a self induction coil уо 
in one of said circuits, or I combine these de- 
vices in different ways as I shall more specifi- 
cally describe hereinafter. 

Theaeccompanying drawings to which Lnow 
refer in further illustration of my invention, 75 
are a series of diagrams illustrating, not the 
specific construction of the particular devices 
which J may or may not have used, but rather, 
the electrical connections and relations to be 
adopted in carrying out the present system 8o 
by means of devices which are now well 
known. 

Figure 1 is a diagram illustrating the meth- 
od of operating the motors by inducing one of 
the energizing currents by the other. Fig.2 $5 
is a similar diagram of the method of operat- 
ing the motors where the two energizing cur- 
rents are obtained by derivation from a sin- 
glesource. Fig. 3isa modified application of 
this principle. 

Referring to Fig. 1 let A represent the 
source of alternating currents which are to 
be utilized in operating the motor or motors. 
It will be understood that considered as a 
source of current it may be either a primary 95 
or secondary generator. 

B B designate the conductors of the circuit 
which convey the alternating currents to one 
or more motors, The motor has two energiz- 
ing eirenits or sets ofcoils CD. One ofthese too 
circuits as C is connected directly with the 
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through one energizing circuit and induce by | circuit B. The other set of coils as D, is con- 
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nected up in the secondary circuit of an elec- 
trical transformer or induction сой Т. The 
primary coil P of this transformer, is ineluded 
inthe circuit B. The alternations of current 
in the circuit B tend to establish in their pas- 
sage through the coils C, a polarity at tight 
angles to that set up by the coils D, and if 
the currents in the two sets of coils accorded 
in their phases, no rotary effect would be pro- 
duced. But the secondary current developed 


in the coil P” of the transformer, will lag be- ` 


hind that in the primary which lag òr re- 
tardation may be inereased as I have shown 
in another application, to a sufficient extent 
to practically obtain the same result as though 
two independent alternating currents were 
used to energize the motor. 

In Fig. 2 the two energizing circuits of the 
motor are shown connected in multiple are 
to the circuit B B, and in one of these circuits 
is a resistance R. Assuming the two motor 
circuits to have the same self induction and 
resistance no rotary effect will be produced 
by the passage through them of an alternating 
current from the souree A. Butif oneof the 
motor circuits, as C, be varied or modified by 
the introduction of a dead resistance R, the 
self-induction of that circuit or branch is re- 
duced, and the phases of current therein re- 
tarded to a correspondingly less extent. The 
relative degrees of retardation of the phases 
of the current in the two motor circuits with 
respect to those of the unretarded current in 
the circuit B thus produced, will set up a ro- 
tation of ihe motor which may be practically 
utilized for many purposes. 

In Fig. 3, the arrangement of the parts is 
similar to that shown in Fig. 2, except that a 
self-induction coil as S is introđuced into one 
branch or energizing circuit of the motor. 
The effect of thus increasing the self-induc- 
tion in one of the circuits is to retard the 
phases of the current passing therein to a 


greater extent than in the other circuit, and 
in this way to secure the necessary difference 
in phase between the two energizing currents 
to produce the rotation of the motor. 

In an application filed, of even date here- 
with, I have shown and described other ways 
of accomplishing this result, among which 
may be noted the introduction of a resistance 
capable of variation in each motor cireuit, or 
the use of a resistance in one circuit and a 
self-induction coil in the other. | 

In the above description I have referred 
mainly to motors with two energizing circuits, 
but it is evident that the invention applies 
equally to those in which there are morethan 
two of such circuits, the adaptation of the 
same being a matter well understood by those 
skilled in the art. 

I do not claim in this application the spe- 
cific devices employed by me in carrying out 
the invention, having made these the sub- 
jects of other applications. 

What I claim herein is— | 

1. The method of operating motors having 
independent energizing circuits, as herein set 
forth, which consists in passing alternating 
currents through both of the said circuits and 
retarding the phases of the current in one 
circuit to a greater or less extent than in the 
other. 

2. The method of operating motors having 
independent energizing circuits, as herein set 
forth, which consists in directing an alternat; 
ing current from a single source through both 
circuits of the motor and varying or modify- 
ing the relative resistance or self-induction of 
the motor circuits and thereby producing in 
the currents differences of phase, as set forth. 


NIKOLA TESLA. 


Witnesses: 
FRANK E. HARTLEY, 
FRANK B. MURPHY.. 
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To all whom it may concern: 

Ве it known that LI, NIKOLA TESLA, a sub- 
jectof the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-Hun- 

5 gary, residing at New York, in the county 
and State of New York, have invented cer- 
tain new and useful Improvements in Sys- 
tems of Electrical Power Transmission, of 
which the following is a specification, refer- 

то ence being had to the drawings aceompany- 
ing and forming a part of the same. 

In certain patents heretofore granted, I have 
shown and described a system of electrical 
power transmission in which each motor con- 

rs tained two or more independent energizing 
circuits through which were caused to pass 
alternating currents having in each circuit 
such difference of phase that by their com- 
bined or resultant action they produced a ro- 
20 tary progression of the poles or points of max- 
imum magnetic effect of the motor and there- 
by maintained the rotation of its movable 
element. In the system referred to and de- 
seribed in the said patents the production or 
25 generation of the alternating currents, upon 
the combined or resultant effect of which the 
operation of the system depends, is effected 
by the employment of an alternating current 
generator with independent induced circuits 
30 which, by reason of the winding or other con- 
struction of the generator, produces currents 
differing in phase, and these currents are con- 
veyed directly from the generator to the cor- 
responding motor coils by independent lines 
35 or circuits. I have, however, discovered that 
I may produce the same or a similar result 
by an alternating current from a single origi- 
nal source using between the generator and 
motors but one line or transmission circuit. 
40 Broadly stated, this system or method in- 
volves a source of alternating or equivalent 
currents, a single transmission circuit, a mo- 
tor having independent energizing circuits 
connected with or adapted for connection 
45 with the transmission circuit, means for ren- 
dering the magnetic effects due to the ener- 
gizing circuits of different phase, and an ar- 
mature within the influence of the energiz- 
ing circuits; the means foraecomplishing this 
5o result being of such a nature as to retardthe 
current in one energizing circuit to a greater 





or less extent than in the other. The distri- 
bution of the main or original current through 
the two motor circuits may be effected by in- 
duction or by derivation. In other words, I 55 
may pass the alternating current from the 
source through one energizing cireuit, and in- 
duce by such current a second current in the 
other energizing circuit. Or, on the other 
hand, I may connect up the two energizing 60 
circuits of the motor in derivation or multi- 
ple are with the main circuit from the source. 

Jn either event I make due provision for main- 
taining a difference of phase between the cur- 
rents in the two circuits or branches. 6 

In an application filed by me May 15, 1888, 
Serial No. 278,993, [have shown and described 
the means which I have employed for secur- 
ing this result by inducing one energizing 
current from the other. 70 

My present application relates to the means 
employed when the two energizing currents 
are obtained from a single original source by 
derivation. 

In explanation of what appears to be the 75 
principle of the operation of my invention 
and of the functions of the several instru- 
mentalities comprised thereby, let it be as- 
sumed that the two energizing circuits of an 
alternating current motor, such, forexample, 8o 
as I have deseribed in my Patent No. 382,280, 
dated May 1, 1888, are connected up in deri- 
vation or multiple are with the conductors 
of a circuit including an alternating current 
generator. It is obvious thatif both circuits 85 
are alike and offer the same resistance to the 
passage of the current no rotary effect will be 
produced, for although the periods of the cur- 
rents in both eireuits will lag or be retarded 
to a certain extent with respect to an un- go 
retarded current from the main cireuit, their 
phases will coincide. If, however, the coils 
of one circuit have a greater number of con- 
volutions around the cores, or a self induction 
coil be included in one of the circuits, the 95 
phases of the current in that cireuit are re- 
tarded by the increased self induction. The 
degree of retardation may readily be secured 
by these means which will produce the dif- 
ference in electrical phase between the two roo 
currents necessary for the practical operation 
of the motor. If in lieu of increasing the 
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self induetion of one cireuit a dead resist- 
ance be inserted, the self induction of such 
circuit exerts a correspondingly diminished 
effect, and the phases of the current flowing 
in that branch are brought more nearly in 
unison with those of an unretarded current 
from the main line and the necessary differ- 
ence of phase between the currents in the two 
energizing circuits thus secured. I take ad- 
vantage of these results in several ways. 
For example, I may insert variable resist- 
ances in both branches or energizing circuits 
and by varying one or the other so as to bring 
the phases of the two currents more or less in 
unison with those of the unretarded current, 
I may thus vary the direction of the rotation 
of the motor. In lieu of resistances I may 
employ variable self induction coils, in both 
circuits. Or I may use a resistance in one 
and a self induction сой іп the other and vary 
either or both. "This system or means of op- 
erating the motors is rendered of great prae- 
tical value by employing an armature wound 
with energizing coils closed upon themselves, 
in which currents are induced by the alter- 
nating currents passing in the field coils that 
serve to greatly increase the mutual attract- 
ive effect between the armature and the field 
magnets. This use of the armature with 
closed coils I regard as an important feature 
of my invention. These several features of 
the invention I shall now describe more in de- 
tail by reference to the accompanying draw- 
ings. 

Figure 1 is a diagram of the system in 
which the motor coils or energizing circuits 
are in derivation to the main line with a dead 
resistance inserted In one circuit. Fig. 2 is 
a diagram showing dead resistances in both 
motor circuits. Fig. 3 is a diagram showing 
a self induction coil in one motor circuit. 
Fig. 4 is a diagram showing a dead resistance 
in one circuit and a self induction coil in the 
other. Fig. 5 in like manner shows a self in- 
duction coil in each motor circuit. Fig. 6 is 
a diagram showing the two motor circuits of 
different electrical character. Fig. 7 is a dia- 
gram illustrating means for varying at will 
the electrical character of the motor circuits. 

Referring to Fig. 1, A designates a suitable 
source of alternating currents and B B the 
line wires running therefrom. It will be un- 
derstood that the generator A may be a pri- 
mary or secondary generator, and the line B 
B may be the main transmission circuit or a 
local circuit from a transformer connected 
at any point in the line of a main or trans- 
mission circuit. For convenience in this 
ease, it will be considered as a line from a 
given source of current to one or more motors. 
The motor contains a given number of pole 
pieces wound with two sets of coils C and D. 
The armature is wound with permanently 
closed energizing coils E in which currents 
are developed by inductive action when the 
motor is in operation which magnetize the 
armature core and greatly increase the effi 
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ciency of the motor. Assuming the two mo- 
tor circuits to have the same degree of self 
induction and resistance no rotary effect will 
be produced by the passage through them of 
an alternating current from the source A. 
But if in one of the motor circuits, as D, a 
dead résistance represented by R be intro- 
duced, the self induction of that circuit or 
branch is reduced and the phases of current 
therein retarded to a correspondingly less 
extent. The relative degrees of retardation 
of the phases of the current in the two motor 
circuits with respect to those of an unretarded 
current from the cireuit B thus produced will 
set up a rotation of the motor which may be 
practically utilized for many purposes. 

If, as in Fig. 2, a dead resistance. R,- R’ pe 
introduced into each motor cireuit, no rotary 
effect will be produced as long as the resist- 
ances are equal, but by varying the resist- 
ance in one circuit the retardation of the cur- 
rent in that circuit will be varied, and corre- 
sponding effects produced. For example, a 
reduction of the resistance in one eireuit im- 
parts to the motor rotation in one direction 
while a reduction of the resistance in the 
other circuit will produce. a rotation in the 
opposite direction. By means of the two ro- 
sistances, therefore, capable of variation or 
of being bodily withdrawn from or inserted 
in the circuits by any well known means, a 
perfect regulation of the motors.is secured. 

In Fig. 3 the arrangement of all the parts 
is similar to that shown in Fig. 1 except that 
a self induction coil as 5 15 introduced into 
one branch or energizing circuit of the motor. 
The effect of thus increasing the self induc- 
tion in one of the circuits is to retard the 
phases of the current passing therein to a 
greater extent than in the other circuit and 
in this way to secure the necessary difference 
in phase between the two energizing currents 
to produce the rotation of ет motor. 

In Fig. 4 a self induction coil S is included 
in oneof the motorcircuits and a dead resist- 
ance Rin the other. The increased self in- 
duction in one circuit thus produced acts to 
increase the difference of phase between the 
current in such motor circuit and the unre- 
tarded current in the main line B. On the 
other hand, the introduction of the dead re- 
sistance in the other motor circuit reduces the 
retardation and brings the phases of the eur- 
rent therein more closely in accord with those 
of the unretarded current, thus producing a 
correspondingly greater difference of phase 
between the two “eurrents in the energizing 
cireuits C and D. 

In Fig. 5, two self induction eoils S, S^ are 
shown, one in each motor or energizing cir- 
cuit. One of thesecoils as S'is much smaller 
than the other and has less self induction or 
counter eleetro motive force than the other, 
so that the phases of eurrent will be retarded 
to a less extent than in the other. The two 


self induction coils may be of the same char- 
acter or size if it is desired to use but one at 
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, & time for the purpose of reversing the motor, 


~ or if they be constructed in well known ways 


10 


15 


25 


so that they may be varied. 

In Fig. 7 the usual means for varying the 
resistance or self-induction of the motor cir- 
cuits at will are indicated by the lever M slid- 
Ing over a series of resistance plates, and by a 
core N which is adapted to be moved in and 
out of the induction coil S. 

Similar results may be secured by such a 
construction or organization of the motor as 
will yield the necessary differences of phase. 
For example, one set of energizing coils may 
be of finer wire than the other, or have a 
greater number of convolutions, or each cir- 
cuit may contain the same number of convo- 
lutions, but composed of different conductors, 
as, for instance, one of copper, the other of 
German silver. I have represented this in 
Fig. 6, in which the coils C are indicated by 
closer lines than coils D. 

There are other ways of varying the retarda- 
tion due to the self induction in the two ener- 
gizing circuits. For example, the motor coils 
may be all alike, but those of one energizing 
circuit connected in parallel while the others 
are connected in series, or the connection in 
each emrgizing circuit may be alike, but the 


reurrents direeted through them may be of 
"gm. different strength, as when one of the cur- 
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ents is supplied from asourceof higher elec- 
tre-motive force. 

In the above description I have referred 
mainly to motors with two energizing circuits, 
but it is evident that the invention applies 
equally to those in which thefeare more than 
two of such circuits, the adaptation of the 
same being a matter well understood by those 
skilled in the art. 

In using in the claims the term active re- 
sistance as applied to the motor circuits in 
this case, it will be understood that the term 
refers to the opposing or retarding force ex- 
isting in the circuits to the passage of the al- 
ternating currents. Thus, the two circuits 


may have the same dead resistance, but dif- 
ferent degrees of self induction. 

What I claim as my invention is— 

1. The combination with a source of alter- 
nating currents, and a circuit from the same, 
of a motor having independent energizing cir- 
cuits connected with the said circuit, and 





means for rendering the magnetic effects due 
to said energizing circuits of different phase 
and an armature within the influence of said 
energizing circuits. 

2. The combination with a source of alter- 
nating currents and a circuit from the same, 
of a motor having independent energizing cir- 
cuits connected in derivation or multiple arc 
with the said circuit, the motor or energizing 
circuits being of different electrical character 
whereby the alternating currents therein will 
have a difference of phase, as set forth. 

3.-The combination with a source of alter- 
nating currents and a cireuit from the same, 
of amotor having independent energizing cir- 
cuits connected in derivation or multiple are 
with the said circuit and of different active 
resistance, as set forth. 

4, In an alternating current motor, the com- 
bination with field magnets, of independent 
energizing circuits, adapted to be connected 
in multiple are with the conductors of the 
line or transmission cireuit and a resistance 
or self induction coil in one or both of the 
said motor circuits, as set forth. 

. Inan alternating current motor, the com- 
bination with the field magnets or cores of in- 
dependent energizing coils, adapted to be con- 
nected in multiple arc with the line or trans- 
mission circuit, and a variable resistance or 
self induction coil included in one.or both of 
the motor circuits as set forth. 

6. In an alternating current motor, the com- 
bination with the field magnets or cores and 
independent energizing circuits of different 
active resistance and adapted to be connected 
with the line or transmission circuit, of an 
armature wound with closed energizing coils 
or conductors, as set forth. 

7. The combination of a generator of alter- 
nating currents, a pair of mains connected 
thereto, a multiple circuit differential phase, 
and an electric motor having one circuit con- 
nected directly to said mains, and the other 
circuit connected to said mains through an 
interposed electro-motive phase-changing de- 
vice adapted to change the time period of the 
currents passing through it. 

NIKOLA TESLA. 

Witnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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Letters Patent No. 211,960... 
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upon the application of Nikola Tesla, of New York, N. Y., for an improvement in 
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therein that the 

Signed and se 
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aled this 9th day of June, A. D.. 1903. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 


ELECTRICAL TRANSMISSION OF POWER. 


SPECIFICATION forming part of Letters Patent No. 511,91 5, dated January 2, 1894. 


Original application filed May 15,1888, Serial No, 273,903, Divided and this application filed December 9,1888. Serial No. 
292,478, (No model.) 


To alt whom it may concern: 
ы Be it known that I, NIKOLA TESLA, from 
Smiljan,.Lika, border country of Austria- 


-Hungary, asubject of the Emperor of Austria- 


Hungary, residingat New York, in thecounty 
and State of New York, have invented a new 
and useful Method of Electrical Transmis- 
sion of Power, of which the following is a de- 
scription, this application being a division of 
an application filed by me on May 15, 188€, Se- 
rial No. 273,998, and for the method of oper- 
ating motors contained in such application. 


In former patents granted to me I have j 


shown and described a system for the elec- 
trical transmission of power characterized by 
the following particulars: The motor contains 
independent energizing circuits and the gen- 
erator has corresponding induced or current 
generating circuits which are connected by 
independent line circuits with those of the 
motor. The disposition of the generator coils 
is such that the currents developed in the cir- 
cuits including them will have a certain dif- 
ference of phase, for example, that the maxi- 
mum periods of the currents generated in one 
of its circuits coincide with the minimuin pe- 
riods of the currents produced in the other 
circuit, and the corresponding energizing cir- 
cuits of the motor are so arranged that the 
two currents co-operate to effect a progress- 
ive shifting of the magnetic poles or the points 
of maximum magnetic effect in the motor in 
consequence of which a rotation of its mov- 
able element is maintained. 

My present invention involves this system 
of electrical power transmission; its distin- 
guishing characteristic being the mode or 
method of generating or producing the alter- 
nating currents which run or operate the 
motor, 

This invention is carried out in the follow- 
ing way: Instead of generating directly the 
alternating currents in each of the cireuits 
which inelude the energizing coils of the mo- 
tor, as by means of the induced coils of a 
magneto electric machine, I generate or pro- 
duce an alternating current in but one of 
such circuits directly and by means of such 
currentinduce the proper current in the other 





pendent currents are both produced in the 
magneto machine it will be observed thatthe 


two line or transmitting circuits will of ne- 
cessity extend the entire distance from the 


generator to the motor, but that by the method : 


herein provided, one line eireuit may be dis- 
pensed with as one cireuit or that from the 
generator may be brought into the properin- 
ductive relation to the other at any desired 
point. 

The following is illustrative of the manner 
in which I carry out this invention: Тетрјоу 
as a motor, for example, a subdivided annu- 
lar field magnet within whieh is mounted a 
suitable armature, such as a eylinder or disk 
wound with two coils at right angles, each of 
which is closed upon itself. On opposite sides 
of the annular field magnet I wind two coils 
of insulated wireof asizeadapted to earry the 
current from the generator. Over these coils 
or close to them in any of the well understood 
ways I wind secondary coils. I also wind on 
the annular field magnet midway between the 
first mentioned coils a pair of coils which I 
connect upin circuit with the secondary coils. 
The last pair of coils I make of finer wire 
than the main orline and secondary coils and 
with a greater number of convolntions that 
they may havea greater relative magnetizing 
and retarding effect than either of the others. 
By connecting up the main coils in circuit 
with a generator of alternating currents the 
armature of the motor will be rotated. It is 
probable that this aetion is explained by the 
following theory: A current impulse on the 
line passing through the main coils estab- 
lishes the magnetic poles of the annular field 
magnets at points midway between said coils. 
But this impulse produces in the secondary 
coils a current which, circulating through the 
second pair of energizing coils tends to estab- 
lish the poles at points ninety degrees re- 
moved from their first position with the result 
of producing a movement or shifting of the 
poles in obedience to the combined magnetiz- 
ing effect of the two sets of coils. This shift- 
ing continued by each successive current im- 
pulse establishes what may be termed a rotary 
effort and operates to maintain the armature 


so energizing motor cireuit. When the inde- ! in rotation. 
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In the drawings annexed I have shown in 
Figure 1 an alternating current generator con- 
nected with a motor, shown diagrammatically 
and. constructed in accordance with my in- 
vention, and in Fig. 2 a diagram of a modified 
form of motor. 

A designates any ordinary form of alter- 
nating current generator and B B the line 
wires for connecting the same with the motor. 

Cis the annular field magnet of the motor. 

D D are two main coils wound on opposite 
sides of the ring or annular field and con- 
nected up with the line, and having a tend- 
ency to magnetize the ring C with opposite 


poles midway between the two coils. 


E E are two other magnetizing coils wound 
midway between coils D D, but having a 
stronger magnetizing influence for a current 
of given strength than coils D D. - 

F F are the secondary coils which are asso- 
ciated with the main coils D D. They arein 
circuits which include the coils E E. respect- 
ively, the connections béing made in such 
order that currents induced in coils F and 
circulating in coils E will act in opposition to 
those in coils D in so far only as the location 
of the magnetie poles in the ring C is eon- 
cerned, „ 

The armature may be of any of the forms 
used by me in my alternating eurrent System 
and is shown as wound with two closed coils 
G Hat right angles to each other. 

In order to prolong the magnetizing effect 
of the induéed eurrents in producing a shift- 
ing of the poles, I have carried the principle 
of the construction exhibited in Fig. 1 farther, 
thereby obtaining a stronger and better rotary 
effect. 

Referring to Fig. 2, C is an annular field 
magnet having three pairs or oppositely lo- 
cated sets of polar projections K L M. Upon 
one pair of these projections, as K, the main 
energizing coils D are wound. Over these 
are wound the secondary eoils E. On the 


next polar projections LL are wound the sec- 


ond energizing: coils F which are in circuit 
with coils E. Tertiary induced coils E’ are 
then wound over the coils F and on the re- 
maining polar projections M the third ener- 
gizing coils F’ are wound and connected up 
in the circuit of the tertiary coils E’. The 


cylindrical or disk armature core N in this 
motor has polar projections wound with coils 
O forming closed circuits. My object in con- 
structing the motor in this way is to effect 
more perfectly a shifting of the points of 
maximum magnetic effect. For assuming the 
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operation of the motor to be due to the action 
above set forth—the first effect of a eurrent 
impulse in this motor will be to magnetize 
the pole pieces K K, but the current thereby 
induced in coils E magnetizes the pole pieces 
L and the current induced in turn in сов Е 
magnetizes the pole pieces M. The pole pieces 
are not magnetized, at least to their full ex- 
tent, simultaneously by this means, but there 
is enough of a retardation or delay to produce 
a rotary effect or influence upon the arma- 
ture. The application of this principle is not 
limited to the special forms of motor herein 
shown, as any of the double circuit alternat- 


| ing current motors invented by me and de- 


scribed in former Letters Patent to me may 
beadapted to the same purpose. This method 
or mode of producing the currents in the in- 
dependent energizing circuits of the motor 
may be earried out in various ways, and it is 
not material to the invention broadly con- 
sidered, what devices be employed in effect- 
ing the result, viz: the induetion from or by the 
current from the generator or source, of the 
current or currents which co-operate there- 
with in producing the rotation of the motor. 

I would state that in using the word gen- 
erator, I mean either a primary generator, 
such as a magneto machine, or a secondary 
generator, such as an electrical converter, 
and in claiming protection for inducing the 
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current in one set of energizing coils by the 


current which circulates in another, I would 
be understood.as including the induction of 
the secondary current from the current from 
the same source as that which traverses the 
motor coils whether it be flowing in thesame 
branch or part of the circuit or not. 

What I claim is— 

1. The method of operating electro-mag- 
netie motors having independent energizing 
circuits, as herein described, which consists 
in passing an alternating current through one 
of the energizing circuits and inducing by 
such current the current in the other ener- 
gizing circuit of the motor, as set forth. 

2. The method of operating electro-mag- 
netic motors having independent energizing 
circuits as herein described, which consists in 
developing an alternating current in one of 
said energizing circuits and inducing there- 
by currents in the other energizing circuit or 
circuits, as herein set forth. ` 

‘ NIKOLA TESLA. 

Witnesses: 

GEO. N. Monro, 
EDWARD T. EVANS. 
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UNITED STATES 


PATENT OFFICE 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRIC GENERATOR. 


SPECIFICATION forming part of Letters Patent No. 511,916, dated January 2, 1884. 
Application filed Angust 19,1893, Serial No. 483,562, (No model.) 


To all whom tt nvay concern: 

Beit known thatI, NIKOLA TESLA, a citizen 
of the United States, residing at New York, in 
the county and State of New York, have in- 
vented certain new and useful Improvements 
in Electric Generators, of which the follow- 
ing is a specification, reference being had to 
the drawings accompanying and forming a 
part of the same. 

Tn an application of even date herewith, 
Serial No. £83,563, I have shown and described 
a form of engine invented by me, which, un- 
der the influence of an applied force such as 
the elastic tension of steam or a gas under 
pressure, yields an oscillation of constant 
period. . 

In order that my present invention may be 
more readily understood I will explain the 
conditions which are to be observed in order 
to secure this result. 

It is a well known mechanical principle 
that if a spring possessing a sensible inertia 
be brought under tension, as by being 
stretched, and then freed, it will perform vi- 
prations which are isochronous, and as to 
period, in the main, dependent upon tho ri- 
gidity of thespring, and itsown inertia or that 
of the system of which it may form an imme- 
diate part. This is known to- be true in all 
cases where the force which tends to bring the 
spring or movablesystem intoa given position 
is proportionate to the displacement. 

In the construction of my engine above re- 
ferred to I have followed and applied this 
prineiple, that is to say, Iemploy à cylinder 
and a piston which in any suitable manner I 
maintain in reciprocation by steam or gas 
under pressure. ‘To the moving piston or to 
the cylinder, in case the latter reciprocate 
and the piston remain stationary, a spring Is 
connected soas to be maintained in vibration 
thereby, and whatever may be the inertia of 
the piston or of the moving system and the 
rigidity of the spring relatively to each other, 
provided, the practical limits within which 
the law holds true that the forces which tend 
to bring the moving system toa given position 
are proportionate to the displacement, are not 
exceeded, the impulses of the power impelled 
piston and the natural vibrations of the spring 
will always correspond in direction and coin- 
cideintime. Inthe case of the engine referred 





to,the ports are soarranged that the movement 
of the piston within the cylinder in either di- 
rection ceases when the force tending to impel 
it and the momentum which it has acquired 
are counterbalanced by the increasing press- 
ure of the steam or compressed air in that end 
of the cylinder toward which itis moving, and 
as in its movement the piston has shut off at 
a given point, the pressure that impelled itand 
established the pressure that tends to return it, 
it is then impelled in the opposite direction, 
and this action is continued as long as the 
requisite pressure is applied. The length of 
the stroke will vary with the pressure, but 
the rate or period of reciprocation is no more 
dependent upon the pressure applied to drive 
the piston, than would be the period of oscil- 
lation of a pendulum permanently maintained 
in vibration, upon the force which periodically 
impels it, the effect of variations in such force 
being merely to produce corresponding varia- 
tions in the length of stroke or amplitude of 
vibration respectively. 

In practice I have found that the best re- 
sults are secured by the employment of an 
air spring, that is, a body of confined air or 
gas which is compressed and rarefied by the 
movements of the piston, and in order to se- 
cure a spring of constant rigidity I prefer to 
employ a separate chamber or eylinder con- 
taining air at the normal atmospheric press- 
ure, although it might be at any other press- 
ure, and in which works a plunger connected 
with or carried by the piston rod. The main 
reason why no engine heretofore has been 
capable of producing results of this nature is 
that it has been customary to connect with 
the reciprocating parts a heavy fly-wheel or 
some equivalent rotary system of relatively 
very great inertia, or in other cases where no 
rotary system was employed, as in certain re- 
ciprocating engines or tools, no regard has 
been paid to the obtainment of the conditions 
essential to the end which I have in view, 
nor would the pressure of such conditions in 
said devices appear to result in any special 
advantage. 

Such an engine as I have described affords 
a means for accomplishing a result heretofore 
unattained, the continued production of elec- 
trie eurrents of constant period, by impart- 
ing the movements of the piston to a core or 
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coil in a magnetic field. It should be stated 
however, that in applying the engine for this 
purpose certain conditions are encountered 
which should be taken into consideration in 
order to satisfactorily secure the desired re- 
sult. When a conductor is moved in a mag- 
netic field and a current caused to circulate 
therein, the electro-magneticreaction between 
it and the field, might disturb the mechanical 


oscillation to such an extent as to throw it- 


outofisochronism. This, forinstance, might 
occur when the electro-magnetic reaction is 


very great in comparison tothe power of the en- 


gine, and there isa retardation of the current 
so that the electro-magnetic reaction might 
have an effect similar tothat which would re- 
sult from a variation of the tension of the 


. Spring, but if the circuit of the generator be 
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so adjusted that the phases of the electromo- 


.tive force and current coincide in time, that 


is to say, when the current is not retarded, 
then the generator driven by the engine acts 
merely as a frictional resistance and will not, 
as a rule, alter the period of the mechanical 
vibration, although it may vary its amplitude. 
This condition may be readily secured by 
properly proportioning the self induction and 
capacity of the circuit including the genera- 
tor. I have, however, observed the further 
fact in connection with the use of such en- 
gines as a means for running a generator, 
that it is advantageous that the period of the 
engine and the natural period of electrical 
vibration of the generator should be the same, 
as in such case:the best conditions for electri- 
cal resonance are established and the possi- 
bility of disturbing the period of mechanical 
vibrations is reduced toa minimum. Ihave 
found that even if the theoretical conditions 
necessary for maintaining a constant period in 
the engine itself are not exactly maintained, 
still the engine and generator combined will 
vibrate at aconstant period. For example, if 
instead of using in the engine an independent 
cylinder and plunger, asan air spring of prac- 


tically constant rigidity, I cause the piston to. 


impinge upon air cushions at the ends of its 
own cylinder, although the rigidity of such 


cushions or springs might be considerably af- 


fected and varied by the variations of pressure 
within the cylinder, still by combining with 
such an engine a generator which has a period 
of its own approximately that of the engine, 
constant vibration may be maintained even 
through a considerable range of varying press- 
ure, owing to. the controlling action of the 
electro-magnetic system. I have even found 
that under certain conditions the influence 
of the electro-magnetic system may be made 
so great as to entirely control the period of 
the mechanical vibration within wide limits 
of varying pressure. This is likely to occur 
in those instanees where the power of the en- 
gine while fully eapable of maintaining a 
vibration once started, is not sufficient to 
change its rate. So, for the sake of illustra- 
tion, if a pendulum is started in vibration, 


1 


and a small force applied periodically in the | 


proper direction to maintain it in motion, this 
force would have no substantial control over 
the period of the oscillation, unless the in- 
ertia of the pendulum be small in'eomparison 
to the impelling force, and this would be true 
no matter through what fraction cf the period 
the force may be applied... In the case under 
consideration the engine is merely an agent 
for maintaining the vibration once Started, 
although it will be understood that this does 
not préelude the performance of usefül work 
which would simply result ina shortening of 
thestroke. My invention, therefore, involves 
the combination of a piston free to recipro- 
cate under the influence of steam or a gas 


under pressure and the movable element of - 


an electric generator which is in direct me- 
chanical connection with the piston, and it 
is more especially the objectof my invention 


to secure from such combination electric cur- 


rentsof aconstant period. In theattainment 
of this object I have found it preferable to 
construct the engine so that it of itself con- 
trols the period, but as I have stated before, 
I may so modify the elements of the combi- 
nation that the electro-magnetic system may 
exert a partial or even complete control of 
the period. | | 

Iu illustration of the manner in which the 
invention is carried’ out I now refer to the 
accompanying drawings. 

Figure 1 is a central sectional view of an 
engine and generator embodying the inven- 
tion. Fig. 2 is a modification of the same. 

Referring to Fig. 1 A is the main cylinder 
in. which works a piston B. Inlet ports C C 
pass through the sides of the cylinder open- 
ing at the middle portion thereof and on oppo- 
Siteside$. Exhaust ports DD extend through 
the walls of the cylinder and are formed 
with branches that open into the interior. of 
the cylinder on each side of the inlet ports 
and on opposite sides of the cylinder. The 
piston B is formed with two circumferential 
grooves E F which communicate through 
openings G in the piston with the eylinder on 
opposite sides of said piston respectively, 

The particular construction of the cylinder, 
the piston and the ports controlling it may 
be very much varied, and isnot in itself ma- 
terial, except that in the special case now un- 
der consideration it is desirable that all the 
ports, and more especially the exhaust ports 
should be made very much larger than is usu- 
ally the case so that no force due to the ae- 
tion of the steam or compressed air will tend 
to retard or affect the return of the piston in 
either direction. The piston B is secured to 
a piston rod H which works in suitable stuff- 
ing boxes in the heads of the cylinder A. 
This rod is prolonged on one side and extends 
through bearings V in a cylinder I suitably 
mounted or supported in line with the first, 


and within which is a disk or plunger J cat- 
ried by therod H. "The cylinder I is without 
ports of any kind and is air-tight except as a 


79 


75 


8o 


85 


90 


95 


ICO 


105 


TíO 


115 


I20 


125 


139 





IO 


20 


25 


сә 


35 


49 


45 


50 


55 


бо 


511,918 


small leakage may occur through the bear- 
ings V, which experience has shown need 
not be fitted with any very considerable ac- 
curacy. The cylinder I is surrounded by à 
jacket K which leaves an open space or cham- 
ber around it. The bearings V in the cylin- 
der I, extend through the jacket K to the out- 
side airand the chamber between the cylin- 
der and jacket is made steam or air-tight as 
by asuitable packing. The main supply pipe 
L for steam or compressed air leads into this 
chamber, and the two pipes that lead to the 
eylinder A run from the said chamber, oil 
cups M being conveniently arranged to de- 
liver oil into the said pipes for lubrieating 
the piston. In the partieular form of engine 
shown, the jacket K which contains the cylin- 
der I is provided with a flange N by which it 
is screwed to the end of the cylinder A. A 
small chamber O is thus formed which has air 
vents P in its sides and drip pipes Q leading 
out from it through which the oil which col- 
lects in it is carried off. 

To explain now the operation of the engine 
described, in the position of the parts shown, 
or when the piston is at the middle point of 
its stroke, the plunger J is at the center of 
the cylinder Land the air on both sides of the 
same is at the normal pressure of the outside 
atmosphere. If a source of steam or com- 
pressed air be then connected to the inlet 
ports C C of the cylinder A and a movement 
be imparted to the piston as by à sudden blow, 
the latter is eaused to reeiprocate in à man- 
ner well understood. The movements of the 
piston compress and rarefy the air in the cyl- 
inder I at opposite ends of the same alter- 
nately. A forward stroke compresses the air 
ahead of the plunger J which acts as a spring 
to returnit. Similarly on the back strake the 
air is compressed on the opposite side of the 
plunger J and tends to drive it forward. The 
compressions of the air in the cylinder I and 
the consequent loss of energy due mainly to 
the imperfect elasticity of the air, give rise to 
a very considerable amount of heat, This 
heat Ï utilize by conducting the steam or com- 
pressed air to the engine eylinder through the 
chamber formed by the jacket surrounding 
the air-spring cylinder. The heat thus taken 
up and used to raise the temperature of the 
steam or air acting upon the piston is availed 
of to increase the efficiency of the engine. In 
any given engine of this kind the normal 
pressure will produce a stroke of determined 
length, and this will be inereased or dimin- 
ished aecording to the inerease of pressure 
above or the reduction of pressure below the 
normal. 

Tn constructing the apparatus proper allow- 
ance is made for a variation in the length of 
stroke by giving to the confining eylinder I 
of the air spring properly determined dimen- 
sions. The greater the pressure upon the 
piston, the higher the degree of compression 
of the air-spring, and the consequent coun- 
teracting force upon the plunger. The rate 















or period of reciprocation of the piston, how- 
ever, is mainly determined as described above 
by the rigidity of the air spring and the in- 
ertia of the moving system, and any: period 
of oscillation within very wide limits may be 
secured by properly portioning these factors, 
as by varying the dimensions of the air cham- 
ber which is equivalent to varying the rig- 
idity of the spring, or by adj usting the weight 
of the moving parts. These conditions are 
all readily determinable, and an engine con- 
structed as herein described may be made to 
follow the principle of operation above stated 
and maintain a perfectly uniform period 
through very wide limits of pressure. 

The pressure of the air confined in the eyl- 
inder when the plunger I is in its central po- 
sition will always be practically that of the 
surrounding atmosphere, for while the eylin- 
der is so constructed as not to permit such 
sudden escape of air as to sensibly impair or 
modify the aetion of the air spring there will 
still be a slow leakage of air into or out of it 
around the piston rod according to the press- 
ure therein, so that the pressure of the airon 
opposite sides of the plunger will always tend 
to remain at that of the outside atmosphere. 

To the piston rod H is secured a conductor 
or coil of wire D’ which by the movements of 
the piston is oscillated in the magnetic field 
produced by two magnets B’ B’ which may 
be permanent magnets or energized by coils 
C C connected with a source of continuous 
currents E’. The movement of the coil D’ 
across the lines of force established by the 
magnets gives rise to alternating currents in 
the coil. hese currents, i£ the period of 
mechanical oscillation be constant will be of 
constant period, and may be utilized for any 
purpose desired, 

In the case under consideration it is as- 
sumed as a necessary condition that the in- 
ertia of the movable element of the genera- 
tor and the electro-magnetic reaction which 
it exerts will not be of such character as to 
materially disturb the action of the engine. 

Vig. 2 isan example of a combination in 
which the engine is not of itself capable of 
determining entirely the period of oscillation, 
but in which the generator contributes to this 
end. In this figure the engine is the same as 
in Fig. i. The exterior air spring is however 
omitted and the air spaces at the ends of the 
eylinder A relied on for accomplishing the 
same purpose. As the pressure іп these 
spaces is liable to variations from variations 
in the steam or gas used in impelling the pis- 
ton they might affect the period of oscillation, 
and the conditions are not as stable and cer- 
tain as in the case of an engine constructed 
as in Fig. 1. But if the natural period of vi- 
bration of the elastice system be made to ap- 
proximately accord with the average period 
of the engine such tendencies to variation 
are very largely overcome and the engine will 
preserve its period even through a consid- 
erable range of variations of pressure, The 
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generator in this case is composed of a mag- 
netie casing F" in which a laminated core G^ 
secured to the piston rod H is caused to vi- 
brate. Surrounding the plunger are two ex- 
citing coils C’ C’, and one or more induced 
coils D’ D’. The coils C’ C' are connected 
with a generator of continuous currents E' 
and are wound to produce consequent poles 
in the core G’. Any movement of the latter 
will therefore shift the lines of force through 
coils D’ D’ and produce eurrents therein. 

In the circuit of coils D’ is shown a eon- 
denser H'.- It need only be said that by the 
use of a proper condenser the self induction 
of this circuit may be neutralized. Such a 
circuit will have a certain natural period of 
vibration, that is to say that when the elec- 
tricity therein is disturbed in any way an 
electrical or electro-magnetic vibration of a 
certain period takes place, and as this de- 
pends upon the capacity and self induetion, 
such period may be varied to approximately 
accord with the period of the engine. 
` In case the power of the engine be com- 
paratively small, as when the pressure is ap- 
plied through a very small fraction of the 
total stroke, the electrical vibration will tend 
to control the period, and it is clear that if 
the character of such vibration be not very 
widely different from the average period of 
vibration of the engine under ordinary work- 
ing conditions such control may be entire- 
ly adequate to produce the desired results. 

Having now described my invention, what 
T claim is— 

1. Thecombination with the piston or equiv- 
alent element of an engine which is free to 
reciprocate under the action thereon of steam 
or a gas under pressure, of the moving con- 
ductor or element of an electric generator in 
direct mechanical connection therewith. 

2. Thecombination with the piston or equiv- 
alent element of an engine whieh is free to 
reciprocate under the action of steam ora gas 
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under pressure, of the moving conductor or 
element of an electric generator in direct me- 
chanical connection therewith, the engine and 
generator being adapted by their relative ad- 
justment with respect to period to produce 
currents of constant period, as set forth. 

3. Thecombination with an engine compris- 
ing a piston which is free to reciprocate un- 
der the action of steam ora gas under press- 
ure, and an electric generator having induc- 
ing and induced elements one of which 18 са- 
pable of oscillation in the field of force, the 
Said movable element being carried by the 
piston rod of the engine, as set forth. 

4. The combination with an engine oper- 
ated by steam ora gas under pressureaud hav- 
ing a constant period of reciprocation, of an 
electric generator, the moving element of 
which is carried by the reciprocating part of 
the engine, the generator and its cireuit be- 
ing so related to the engine with respect to 
the period of electrical vibration as not to 
disturb the period of the engine, as set forth. 

5. The combination with a cylinder and a 
piston reciprocated by steam. or a gas under 
pressure of a spring maintained in vibration 
by the movement of the piston, and an elec- 
tric generator, the movable conductor or ele- 
ment of which is connected with the piston, 
these elements being constructed and adapt- 
ed in the manner set forth for producing a 
current of constant period. 

6. The method of producing electric cur- 
rents of constant period herein described 
which consists in imparting the oscillations 
of an engine to the moving element of an elec- 
trie generator and regulating the period of 
mechanical oscillation by an adjustment of 
the reaction of the electric generator, as here- 


in set forth. 
NIKOLA TESLA, 
Witnesses: 
PARKER W. PAGE, 
R. F. GAYLORD. 
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Application filed July 7,1893. Serial No. 470,804, (No model) 


To all whom it may concern: 

Beit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
in Coils for Electro-Magnets and other Appa- 
ratus, of which the following isa Specification, 
reference being had to the drawings accompa- 
nying and forming a part of the same. 

In electric apparatus or systems in which 
alternating currents are employed the self- 
induction of the coils or conductors may, and, 
in fact, in many cases does operate disadvan- 
tageously by giving rise to false currents 
which often reduce what is known as the com- 
mercial efficiency of the apparatus composing 
the system or operate detrimentally in other 
respects. The effects of self-induction, above 
referred to, are known to be neutralized by 
proportioning to a proper degree the capacity 
of the circuit with relation to the self-induc- 


- tion and frequency of the currents. This has 
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been accomplished heretofore by the use of 


condensers constructed and applied as sepa- 
rate instruments. 

My present invention has for its object to 
avoid the employment of condensers which 
are expensive, cumbersome and difficult to 
maintain in perfect condition, and to so con- 
struct the coils themselves as to accomplish 
the same ultimate object. | . 

I would here state that by thd term coils I 
desire to include generally helices, solenoids, 
or, in fact, any conductor the different parts 
of which by the requirements of its applica- 
tion or use are brought into such relations 
with each other as to materially inerease the 
self-induction. 

1 have found that in every coil there exists 
a certain relation between its self-induction 
and eapacity that permits a current of given 
frequency and potential to pass through it 
with no other opposition than that of ohmic 
resistance, or, in other words, as though it pos- 
sessed no self-induction. This is due to the 
mutual relations existing between the special 
character of the current and the self-induc- 
tion and capacity of the coil, the latter quan- 
tity being just capable of neutralizing the 
self-induction for that frequency. It is well- 
known that the higher the frequency or po- 
tential difference of the current the smaller 





the capacity required to counteract the self- 
induction; hence, in any coil, however small 
the capacity, it may be sufficient for the pur- 
pose stated if the proper conditions in other 
respects be secured. In theordinary coils the 
difference of potential between adjacent turns 


„ог spires is very small, so that while they are 


in a sense condensers, they possess but very 
small capacity and the relations between the 
two quantities, self-induction and capacity, 
are not such as under any ordinary condi- 
tions satisfy the requirements herein contem- 
plated, because the capacity relatively to the 
self-induction is very small. 

In order to attain my object and to properly 
increase the capacity of any given coil, I wind 
it in such way as to secure a greater differ- 
ence of potential between its adjacent turns 
or convolutions, and since the energy stored 
in the coil—considering the latter as a con- 
denser, is proportionate to the square of the 
potential difference between its adjacent con- 
volutions, it is evident that I mayin this way 
secure by a proper disposition of these con- 
volutions a greatly increased capacity fora 
given increase in potential difference between 
the turns. . 

I have illustrated diagrammatically in the 
accompanying drawings the general nature 
of the plan which I adopt for carrying out 
this invention. : : 

Figure 1 is a diagram of a coil wound in 
the ordinary manner. Fig.2isa diagram of 
a winding designed to secure the objects of 
my invention. 

Let A, Fig. 1, designate any given coil the 
Spires or convolutions of which are wound 
upon and insulated from each other. Let it 
be assumed that the terminals of this coil 
show a potential difference of one hundred 
volts, and that there are one thousand con- 
volutions; then considering any two contigu- 
ous points on adjaeent eonvolutions let it be 
assumed that there will exist between them a 
pptential difference of one-tenth of avolt. If 
now, as. shown in Fig. 2, a conductor B bo 


"wound parallel with the conductor A and in- 


sulated from it, and the end of A beconnected 
with the starting point of B, the aggregate 
length of the two conductors being such that 
the assumed number of convolutions or turns 
is the same, viz, one thousand, then the po- 
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tential difference between any two adjacent 
-points in A and B will be fifty volts, and as 
the capacity effect is proportionate to the 
square of this difference, the energy stored 
in the coil asa whole will now be two han- 
fired and fifty thousand as great. Follow- 


- ing out this principle, I may wind any, given 
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eoil either in whole or in part, not only in 
the specific manuer herein illustrated, but 
in a great variety of ways, well-known in the 
art, so as to secure between adjacent convo- 
lutions such potential difference as will give 
the proper capacity to neutralize the self-in- 
duction for any given current that may be 
employed. Capacity secured in this particu- 
lar way possesses an additional advantage in 
that it is evenly distributed, a consideration 
of the greatest importance in many cases, and 
the results, both as to efficiency and economy, 
are the more readily and easily obtained as 
the size of the coils, the potential difference, 
бт frequency of the currents are increased. 
Coils composed of independent strands or 
conductors wound side by side and connected 
-in series are not in themselves new, and I do 
not regard a more detailed deseription of the 
same as necessary. But heretofore, so far as 
I am aware, the objects in view have been es- 
sentially different from mine, and the results 
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which I obtain even if an incident to such 
forms of winding have not been appreciated 
or taken advantage of. ' 


39. 


In carrying out my invention it isto beob- - 


served that certain facts arẹ well under- 


stood by those skilled in the art, viz: the re- 
lations of capacity, self-induction, and the 
frequency and potential difference of the cur- 


rent. Whatcapacity, therefore, in any given ` 


case it is desirable to obtain and what special 
winding will secure it, are readily determin- 
able from the other factors which are known. 

What I claim as my invention is— 2. 

1. A coil for electric apparatus the adja- 
ent convolutions of which form parts of the 
circuit between which there exists a potential 
difference sufficient to secure in the coil a ca- 
paeity capable of neutralizing its self-indue- 
tion, as hereinbefore described. 

2. A coil composed of contiguous or adja- 
cent insulated conductors electrically con- 
nected in series and having a potential dif- 
ference of such value as to give to the coil as 
a whole, a capacity sufficient to neutralize its 
self-induetion, as set forth. 
| NIKOLA TESLA. 

' Witnesses: : 
Rost. F. GAYLORD, 
PARKER W. PAGE. 
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To alb wlvonv i$ mag concern: 

Be it known that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
inthe county and Stateof New York, havein- 
vented certain new and useful Improvements 
in Line Conductors for Systems of Electrical 
Distribution, of which the folowing isa speci- 
fication, reference being had to the drawings 
accompanying and forming a part of the same. 

In any system of electrical transmission or 
distribution in which currents of excessively 
high potential are employed, and more par- 
ticularly, when the frequency is high, there is 
a dissipation of energy from the conductor or 
conductors of the line, due to the eleetrifica- 
tion of the atmosphere or other surrounding 
medium, or other causes. 

Heretofore it has been usual, in order to 
prevent loss by dissipation or interference by 
induction on line conductors, to insulate the 
same and inclose them in a continuous con- 
ducting sheathing or cover which has been 
connected with the ground by a good con- 
dueting path. 

The object of my invention is to prevent 
loss on line conductors in a system of electri- 
eal transmission and distribution, more par- 
ticularly such as that described by me in pat- 
ent of June 23, 1891, No. 454,622, but in any 
other system in which alternating or, gener- 
ally speaking, varying currents of excessively 
high potential are employed. 

I have found that in these systems the use 
of a conducting sheath or screen around the 
line conductors and well grounded, or even 
brought into proximity to external eonduoe- 
tors or large bodies, is attended by an aetual 
and generally a serious-loss of energy. I 
therefore maintain the sheath either entirely 
isolated or connected directly or inductively 
to theground, through a path which will prac- 
tieally prevent the passage of currents over 
it. J have also found that when a continu- 
ous insulated sheath or screen is employed, 
there is greater liability to loss of energy by 
inductive action, for unless the sheath or 
screen be considerably shorter than the cur- 
rent waves passing in the conductor, electro- 
motive forces will be set up between different 
points in the sheath, which will result in the 





passage between such points of induced cur- 
rents. I, therefore, divide up the sheath or 
screen into short lengths, very much shorter 
than the wave lengths of the current used, so 
that the grounding of any oneof such lengths 
or the approach thereto of a large body will re- 
sultin an inappreciable loss, orat most a small 
local drainingof theenergy,whilethetendeney 
of currents to flow between different points 
in the sheath is effectually overcome. The 
function of the sheath as a static sereen for 
preventing the dissipation of the electric en- 
ergy, however, requires for its complete ef- 
fectiveness an uninterrupted conducting par: 
tition or screen around the conductor. I at- 
tain this respect in the case of a sectional 
sereen, by causing the ends of the insulated 
divisions or sections of the same to overlap, 
interposing a suitable insulating material be- 
tween the overlapping portions. By means 
of a conductor or conductors thus protected, 
J may transmit with slight loss and to great 
distances currents of very high potential and 
extremely high frequency. 

The invention is illustrated in the accom- 75 
panying drawings in which— 

Figure 1 illustrates portions of the conduc- 
tor with the earth connections above de- 
seribed. Fig. 2 is a sectional view of a por- 
tion of the conductor on an enlarged scale. 

A is the central wire or conductor that car- 
ries the current. 

B is an insulating coating. 

C is a conducting sheathing or screen, which 
may be externally insulated, if so desired. 85 
This sheathing is divided up, as shown, into 
short lengths or sections, and the end of one 
section overlaps or telescopes with the end of 
the adjacent sections but is insulated there- 
from by the material D. 

It is well known that a static screen, to be 
entirely effective as such, should have a 
ground connection, but it has been usual in 
such cases to provide a good electrical con- 
nection from the screen to earth. When a 95 
current of excessively high potential, how- 
ever, is used, or when the frequency of the 
current is very high, such a connection isim- 
practicable on account of the loss which fol- 
lows. In such cases, therefore, I obtain the roo 
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beneficialresultsof an earth connection while 
preventing the generally serious loss that 
would occur in the use of such currents, by 
providing between the sheath and the ground 
a path P of very high ohmic resistance or one 
containing a self-induction coil S properly đe- 
termined with respect to the existing condi- 
tions so that it will effect the described re- 


. sult, or a condenser of very small capacity as 


то 
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20 


shown at R. In such cases the sheathing or 
screen for practical purposes may be regard- 
ed as isolated from the ground, since by the 
character of the connection employed no ap- 
preciable loss results from the passage of eur- 
rent from the sheath to the ground. 

No particular plan of construction need be 
followed in making up this conductor, and no 
special materials of the several kinds named 
veed be used; the general construction and 
character of the conductor, apart from the 
particular features herein described, being en- 
tirely well understood by those skilled in the 
art. 
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What I claim is—-. 

1. A conductor for electric circuits, com- 25 
posed of a wire for carrying the current, an 
insulated coating or covering and a surround- 
ing conducting sheath or screen divided into 
insulated sections, as set forth. 

2. A conductor for electric cireuits, com- 
posed of a wire for carrying the current, a 
coating or covering of insulating material and 
a surrounding conducting sheath or sereen 
divided into insulated sections, the ends of 
which overlap, as set forth. | 

3. The combination of a wire or conductor 
for conveying electric currents, an insulated 
coating or covering therefor, a conducting 
sheath or sereen surrounding the insulating 
coating and a connection between said sheath- 
ing and the ground containing a condenser 
of very small capacity or its equivalent. 
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To all whom it may concern: 

Beit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, havein- 
vented certain new and useful Improvements 
in Means for Generating Electric Currents, of 
which the following is a specification, refer- 
ence being had to the drawings accompanying 
and forming a part of the same. 

The invention, subject of my present ap- 
plication, isan improvement applicable more 
especially to the method or system of gener- 
ating and utilizing electrical energy, hereto- 
fore discovered by me, and more fully set 
forth in Letters Patent No. 454,622, of June 
23, 1891, and No. 462,418, of November 3, 1891, 
and which involves the maintenance of an in- 
termittent or oscillatory discharge of a con- 
denser or circuit of suitable capacity into a 
working circuit containing translating de- 
vices. Insystems of this character when the 
high frequency of the currents employed is 
due to the action of a disruptive or intermit- 
tent discharge across an air gap or break at 
some point of the circuit, I have found it to 
be of advantage not only to break up or de- 
stroy the least tendency to continuity of the 
are or discharge, but also to control the period 
of the re-establishment of the same, and from 
investigations made by me with this object 
in view I have found that greatly improved 
results are seeured by causing the diseharge 
to take place in and through an insulating 
liquid, such as oil, and instead of allowing 
the terminal points of the break to remain at 
a uniform distance from. each other, to vary 
such distanee by bringing them periodically 
in actual contact or sufficiently near to estab- 
lish the discharge and then separating them, 
or what is the equivalent of this, throwing in 
and out of the gap or break a conducting 
bridge at predetermined intervals. To ob- 
tain the best results, moreover, I find it es- 
sential to maintain at the point of discharge 
a flow of the insulating medium, or, in gen- 
eral, such a circulation of the same as will 
constantly operate to eut off or break up the 
discharge as fast as it is established. The 


accomplishment of this latter result involves 
the employment of some mechanism for main- 
taining the flow or circulation of the insulat- 
ing medium past the points of discharge, and 
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I take advantage of the presenee of such 
mechanism to accomplish a further and bene- 
ficial result which is the maintenance of a 
flow or circulation of the insulating liquid in 
which I immerse the converter coils used for 
raising the potential of the current, and also 
the condenser plates when such are required 
and used. By this means the insulating 
liquid surrounding the said coils and plates 
may be prevented from heating, either by its 
circulation alone or by the application to it 
while in motion of a cooling medium, and its 
requisite qualities preserved for an indefinite 
time. 

Broadly considered the plan contemplated 
is entirely independent of the special means 
for carrying it into execution, but in illustra- 
tion of the preferred manner in which the in- 
vention is or may be carried out, I now refer 
to the drawings which are hereto annexed. 

Figure 1 is a diagram of thesystem and de- 
vices employed by me. Fig. 2 is a sectional 
view of a detail of mechanism. 

G represents an electric generator, as for 
instance, an ordinary alternator, in the cir- 
cuit of which is thé primary P of a trans- 
former, of which S represents the secondary, 
which is usually of much longer and finer 
wirethantheprimary. To the secondary cir- 
cuit, if it have not of itself sufficient capac- 
ity for the purpose herein contemplated, are 
connected the plates of a condenser C, and at 
any point in said circuit isa break or gap at 
which occurs the disruptive discharge. Ina 
portion of the secondary circuit, preferably 
in series with the condenser, as shown in the 
drawings, is a primary coil P’ with which is 
associated a secondary 8’, which latter con- 
stitutes the ultimate source of currents for a 
working cireuit D in which or with which are 
connected translating devices E. Under the 
conditions assumed it will be understood that 
by the oscillation or change caused by the ac- 
tion of the discharge, the condenser is charged 
and discharged setting up in the primary P’ 
an electrical disturbance of enormous fre- 
quency, as has been explained in my patent 
referred to, and as is now well understood. 
Instead of employing two terminals at a fixed 
distance, however, for the gap across which 
the discharge takes place, I vary the distance 
between them, or whatis practically the same 
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thing, I interpose between said terminals a 
conductor or a series of conductors success- 
ively by means of which the effëctive dis- 
tance or length of the path of discharge is or 
may be varied at will. This I accomplish in 
the following manner: 

A is a pipe or tube that leads into a tank 
B. To the end of this tube is secured an ex- 
tension F of insulating material and the two 
terminals G’ G’ are caused to project through 
the sides of the same, as indicated in Fig. 2. 
Within the extension I secure two cross-bars 
H which afford bearings for the spindle of a 
small metallic turbine I, the blades of which, 
as the turbine revolves, bridge the space be- 
tween the two terminals, nearly or quite 
touching the terminals in their movement. 
If now the tank B be filled with oil and the 
latter is drawn off or permitted to flow off 
through the tube A, the turbine will be ro- 
tated by the flow, the rate of rotation being 
dependent upon the rate of flow. By this 
means the are or discharge is periodically es- 
tablished through a flow of oil, which secures 
in the most satisfactory manner the condi- 
tions best adapted for practical results. 

The further objects of the invention arese- 
cured by placing the transformer P’ S’ in the 
body of oil in the tank B, and the condenser 
in a closed receptacle L. Then in order to 


‘maintain a circulation of the oil and to pro- 
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vide for the requisite flow which rotates the 
turbine, I conneet the tank B with the con- 
denser box L by means of the pipe A. I also 
run a pipe M from the box L to a small ro- 
tary pump N, and another pipe O from the 
latter back to the tank B. 

When necessary or desirable I may insert 
in the pipe O a coil R, which is contained in 
a jacket T through which a cooling medium 
is passed. . 

The flow of oil isregulated by the speed at 
whieh the pump N is driven, and by this 
means the period of re-establishment of the 
arc is controlled. 

Having now described my invention and 
the best means of which I am aware in which 
the same is or may be carried into effect, what 
I claim is— 

1. In an electric system of the kind de- 
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seribed, the combination with the points or 
terminals between which occurs the inter- 
mittent or oscillating discharge of means for 
maintaining between said points and in the 
path of the discharge a flow of insulating 
liquid, as set forth. 

2. In an electrical system of the kind de- 
seribed, the combination witha transformer, 
and the points or terminals between which 
occurs the intermittent or oscillating dis- 
charge, of a body of insulating liquid sur- 
rounding the same, and means for maintain- 
ing a flow or circulation of the same, as set 
forth. : 

3. In an electrical system of the kind de- 
seribed, the combination with a transformer 
and the points or terminals between. which 
oceurs the intermittent or oscillating dis- 
charge, of receptacles inclosing the same and 
containing oil and means for maintaining a 
flow of the oil through said receptacles and 
around the devices therein, as set forth. 

4. In an electrical system of the kind de- 
scribed, the combination with the points or 
terminals between which occurs the inter- 
mittent or oscillating discharge, of a means 
for maintaining a flow of insulating liquid 
between the discharge points, and means for 
varying the length of the path of discharge 
through such fluid, dependent for operation 
upon the fiow of the same, as set forth. 

5. The combination with discharge points 
immersed in oil, of meansfor periodieally va- 
rying the length of the path of discharge be- 
tween them, as deseribed. 

6. The eombination with discharge points 
immersed in oil, of a conductor adapted to pe- 
riodically bridge the space between such 
points, as set forth. 

7. The combination with discharge points 
immersed in oil, means for causing a flow of 
the oil between said points and a metallic 
turbine mounted between the points and 
adapted by the rotation produced by the flow- 
ing oil to bridge with its vanes or blades the 
space between the said points, | 

NIKOLA TESLA. 

Witnesses: 

Rost. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


RECIPROCATING ENGINE. 


SPECIFICATION forming part of. Letters Patent No. 514,169, dated February 6, 1894, 
Application fled August 19, 1893, Serial No. 483,563, (No model.) 


То atl whom it may concern: 

Beit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
in Reciprocating Engines, of which the fol- 
lowing is a specification, reference being had 
to the drawing accompanying and forming a 


. part of the same. 


та 


In the invention which forms the subject of 
my present application, thy object has been, 
primarily to provide an engine, which under 
the influence of an applied force such as the 


- elastic tension of steam or gas under pressure 
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will yield an oscillatory movement: which, 


within very wide limits, will be of constant 


period, irrespective of variations of load, fric- 
tional losses and other factors which in all 
ordinary engines produce change in the rate 
of reciprocation. 

The further objects of the invention are to 
provide a mechanism, capable of converting 
the energy of steam or gas under pressure 
into ‘mechanical power more economically 
than the forms of engine heretofore used, 
chiefly by overcoming the losses which: result 
in these by the combination with rotating 
parts possessing great inertia of a reciprocat- 
ing system; which also, is better adapted for 


use at higher temperatures and pressures, and 
which is capable of useful and practical ap-- 


plication to general industrial purposes, par- 
ticularly in.small units. 

The invention is based upon certain well 
known mechanical principles.a statement of 
which will assist in a better understanding 
of the nature and purposes of the objects 
sought and results obtained. Heretofore, 


where the pressure of steam or any gas has 


been utilized and applied for the production 
of mechanical motion it has been customary 
to connect with the reciprocating or moving 
parts of the engine a fly-wheel or some rotary 
system equivalent in its effect and possessing 
relatively great mechanical inertia, upon 
which dependence was mainly placed for the 


securing in a measure this object, renders im- 
possible the attainment of the result at which 
I have arrived, and is attended by disadvan- 
tages which by my invention are entirely ob- 
viated. On the other hand, in certain cases, 
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where reciprocating engines or tools have been 
used without a rotating system of great iner- 
tia, no attempt, so far as I know, has been 
made to secure conditions which would nec- 
essarily yield such results as I have reached. 

It is a well known principle that if aspring 
possessing a sensible inertia be brought un- 
der tension, as by being stretched, and then 
freed it will perform vibrations which are 
isochronous and, as to period, in the main đe- 
pendent upon the rigidity of the spring, and 
its own inertia or that of thesystem of which 
it may form an immediate part. This is 


known to be true in all cases where the force . 
which tends to bring the spring or movable 


system into a given position is proportionate 
to the displacement. 
In carrying out my invention and forsecur- 
ing the objects in general terms stated above, 
I employ the energy of steam or gas under 
pressure, acting through proper mechanism, 
to maintain in oscillation a piston, and, tak- 
ing advantage of the law above stated, I con- 
nect with said piston, or cause to act upon it, 
a spring, under such conditions as to auto- 
matically regulate the period of the vibra- 
tion, so that the alternate impulses of the 
power impelled piston, and the natural vibra- 
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tions of the spring shall always correspond | 


in direction and'eoineide in time. 

While, in- the practice of the invention I 
may employ any kind of spring or elastic body 
of. which the law or principle of operation 
above defined holds true, I prefer to use. an 
air spring, or generally speaking a confined 
body or cushion of an elastic fluid, as the me- 


chanieal difficulties in the use of ordinary or 


metallic springs are serious, owing mainly, to 
their tendency to break. Moreover, instead 
of permitting the piston to impinge directly 
upon such enshions within its own cylinder, 
I prefer, in order to avoid the influence of the 
varying pressure of the steam or gas that acts 
upon the piston and which might disturb the 
relations necessary for the maintenance of 
isochronous vibration, and also to better util- 
ize the heat generated by the compression, to 
employ an independent plunger conneeted 
with the main piston, and a. chamber or cyl- 
inder therefor, containing air which is nor- 


mally, at the same pressure as the external | 


atmosphere, for thus a spring of practically 
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eonstant rigidity is obtained, but the air or 
gas within the cylinder may be maintained 
at any pressure. 

In order to describe the best manner of 
which I am aware in which the invention is 
or may be carried into effect, I refer now to 
the accompanying drawing which represents 
in central cross-section an engine embodying 
my improvements. 

Ais the main cylinder in which works a 
piston B. Inlet ports C C pass through the 
sides of the cylinder, opening at the middle 
portion thereof and on opposite sides. Ex- 
haust ports D D extend through the walls of 
the eylinder and are formed with branches 
that open into the interior of the cylinder on 
each side of the inlet ports and on opposite 
sides of the cylinder. . 

The piston B is formed with two eireumfer- 
ential grooves E F, which communicate 
through openings G in the piston with the 
cylinder on opposite sides of said piston re- 
spectively. 

I do not consider as of special importance 
the particular construction and arrangement 
of the cylinder, the piston and the ports for 
controlling it, except that it is desirable that 
allthe ports, and more especially, the ex- 
haust ports should be made very much larger 
than is usually the case, so that no force due 
to the action of the steam or compressed air 
will tend to retard or affect the return of the 
piston in either direction. 

The piston B is secured to a piston rod H, 
which works in suitable stuffing boxes in the 
heads of the cylinder A. This rod. is pro- 
longed on one side and extends through bear- 
ings V in a cylinder I suitably mounted or 
supported in line with the first, and within 
which is a disk or plunger J carried by the 
rod H. 

The cylinder Iis without ports of any kind 
and is air-tight except as a small leakage may 
occur through the bearings V, which experi- 
ence has shown need not be fitted with any 
very considerable accuracy. The cylinder I 
is surrounded by a jacket K which leaves an 
open space or chamber around it. The bear- 
ings V in the cylinder I, extend through the 
jacket K to the outside airand the chamber 
between the cylinder and jacket is made 
steam or air tight as by suitable packing. 
The main supply pipe L for steam or com- 
pressed air leads into this chamber, and the 
two pipes that lead to the cylinder A run 
from the said chamber, oil cups M being con- 
veniently arranged to deliver oilinto thesaid 
pipes for lubricating the piston. 

In the particular form of engine shown, the 
jacket K which contains the cylinder I is pro- 
vided with a flange N by which it is screwed 
to the end of the cylinder A. Asmallcham- 
ber O is thus formed which has air vents P 
in its sides and drip pipes Q leading out from 
it through which the oil which collects in it 
is carried off. ` 
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To explain. now the operation of the device 
above described. In the position of the parts 
shown, or when the piston is at the middle 
point of its stroke, the plunger J is at the 
center of the cylinder I and the air on both 


sides of the same is at the normal pressure, 


of the outside atmosphere. If a source of 
Steam or compressed air be then connected 
to the inlet ports C C of the cylinder A and 
a movement be imparted to the piston as by 
a sudden blow, the latter is caused to recip- 
rocate in a manner well understood. The 
movement of the piston in either direction 
ceases when the force tending toimpel it and 
the momentum which it has acquired are 
counterbalanced by the increasing pressure 
of the steam or compressed airin that end of 
the cylinder toward which it is moving and 
as in its movement the piston has shut off at 
a given point, the pressure that impelled it 
and established the pressure that tends to re- 
turn it, itis then impelled in the opposite di- 
rection, and this action is continued as long 
as the requisite pressure is applied. The 
movements of the piston compress and rarify 
the air in the cylinder I at opposite ends of 
the same alternately. A forward stroke com- 
presses the air abead of the plunger J which 
acts as a spring to return it. Similarly on 
the back stroke the air is compressed on the 
opposite side of the plunger J and tends to 
drive it forward. This action of the plunger 
upon the air contained in the opposite. ends 
of the cylinder is exactly the same in princi- 
ple as though the piston rod were connected 
to the middle point of a coiled spring, the 
ends of which are connected to fixed supports. 
Consequently the two chambers may be con- 
sidered asasingle spring. The compressions 
of the air in the cylinder I and the conse- 
quent loss of energy due mainly to the im- 
perfect elasticity of the air, give rise to a very 
considerable amount of heat. This heat I 
utilize by conducting the steam or compressed 
air to the engine cylinder through the cham- 
ber formed by the jacket surrounding the air- 
spring cylinder. The heat thus taken up and 
used to raise the temperature of the steam or 
air acting upon the piston is availed of to in- 
crease the efficiency of the engine. In any 
given engine of this kind the normal press- 
ure will produce a stroke of determined 
length, and this will be increased or dimin- 
ished according to the increase of pressure 
above or the reduction of pressure below the 
normal. 

In constructing the apparatus I allow for a 
variation in the length of stroke by giving to 
the confining cylinder I of. the air spring 
properly determined dimensions. The greater 
the pressure upon the piston, the higher will 
be the degree of compression of the air-spring, 
and the consequent counteracting force upon 
the plunger. The rate or period of recipro- 


eation of the piston however is no more de- 
pendent upon the pressure applied to drive 
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it, than would be the period of oscillation of 
a pendulum permanently maintained in vi- 
bration, upon the force which periodically 
impels it, the effect of variations in such force 
being merely to produce corresponding vari- 
ations in the length of stroke or amplitude of 


‘vibration respectively. The period is mainly. 
determined by the rigidity of the air spring 


and the inertia of the moving system, and I 
may therefore: secure any period of oscilla- 
tion within very wide limits by properly por- 
tioning these factors, as by varying the di- 
mensions of the air chamber which is equiva- 
lent to varying the rigidity of the spring, or 
by adjusting the weight of the moving parts. 
These conditions are all readily determina- 
ble, and an engine constructed as herein de- 
scribed may be made to follow the principle 
of. operation above stated and maintain a 
perfectly uniform period through very much 
wider limits of pressure than in ordinary use, 
it is ever likely to be subjected to and it may 
be successfully used as a prime mover wher- 
ever a constant rate of oscillation or speed is 
required, provided the limits within which 
the forces tending to bring the moving sys- 
tem to a given position are proportionate to 
the displacements, are not materially ex- 
ceeded. The pressure of the air confined in 
the cylinder when the plunger J is in its 
central position will always be practically 
that of the surrounding atmosphere, for while 
the cylinder is so constructed as not to per: 
mit such sudden escape of air as to sensibly 
impair or modify the action of the air spring 
there will still be a slow leakage of air into or 
out of it around the piston rod according to 
the pressure therein, so that the pressure of 
the air on opposite sides of the plunger will 
always tend to remain at that of the outside 
atmosphere. 

As an instance of the uses to which this en- 
gine may be applied I have shown its piston 
rod connected with a pawl R the oscillation 
of which drives a trainof wheels. These may 


‘constitute the train of a clock or of any other 


mechanism. The pawl R is pivoted at R’ 
and its bifurcated end engages with the teeth 
of the ratchet wheel alternately on oppo- 
site sides of the same, one end of the pawl 
at éach half oscillation acting to propel the 
wheel forward through the space of one tooth 
when it is engaged and locked by the other 


-ehd on the last half of the oscillation which 


brings the first end into position to engage 
with another tooth. . 

Another application of the invention is to 
move a conductor in a magnetic field for gen- 
erating electric currents, and in these and 
similar uses it is obvious that the character- 





istics of the engine render it especially adapt- 
ed for use in small sizes or units. 

Having now deseribed my invention, what 
I claim is— ' К 

1. A reciprocating engine comprising in 
combination, a cylinder, a piston anda spring 
connected with oracting upon the reciprocat- 
ing element, the said spring and reciprocating 
element being related in substantially the 
manner described so thatthe forces which tend 
to bring the reciprocating parts into a given 
position are proportionate to the displace- 
ments, whereby an isochronous vibration is 
obtained. 

2. A reciprocating engine comprising in 
combination, a cylinder, a piston impelled by 
Steam or gas under pressure, and an airspring 
maintained in vibration by the movements of 
the piston, the piston and spring being related 
in substantially the manner described so that 
the forces which tend to bring the recipro- 
cating parts into a given position are pro- 
portionate to the displacements whereby an 
isochronous vibration is obtained. 

3. The combination of a cylinder and a pis- 
ton adapted to be reciprocated by steam or 
gas under pressure, a cylinder and a plunger 
therein reciprocated by the piston and consti- 
tuting an air spring acting upon said piston, 
the piston and spring being related in the 
manner described so that the forces which 
tend to bring the piston into a given position 
are proportionate to the displacement where- 
by an isochronous oscillation of the piston is 
obtained. | 

4, The combination of a cylinder and a pis- 
ton adapted to be reciprocated by steam or 
gas under pressure, a cylinder and piston con- 
stituting an air spring connected. with the 
piston, a jacket forming a chamber around roo 
the air spring through which the steam: or 
compressed gas is passed on its way to the 
cylinder, as and for the purpose set forth. 

5. The method of producing isochronous 
movement herein described, which consistsin 105 
reciprocating a piston by steam or gas under 
pressure and controlling the rate or period of 
reciprocation by the vibration of a spring, as 
set forth. | 

6. The method of operating areeiprocating rro 
engine which consists in reciprocating a pis- 
ton, maintaining by the movements of the pis- 
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. ton, the vibration of an air spring and apply- 


ing the heat generated by the compression of 
the spring to the steam or gas driving the 115 


piston. 
NIKOLA TESLA. 
Witnesses: 
PARKER W. PAGE, 
R. F. GAYLORD. 
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To att whom it may concern: 

Be it known that I, NIkoLa TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented a certain new and useful Improvement 
in Incandescent Electric Lamps, of which 
the following is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same. 

This ‘invention is an improvement in the 
particular class of electric lamps or lighting 
devices invented by me and for which I have 
heretofore obtained Letters Patent, notably 
No. 454,622, dated June 23,1891. 2 

The invention applies more particularly to 
that form of lamp in which a small body or 
button of refractory material is supported by 
a conductor entering a very highly exhausted 
globe or receiver, but i is also applicable gen- 
erally to other forms of lamp adapted for use 
with similar systems in which currents of 
very high potential and great frequency are 
employed. I have found i in the practical ap- 
plications of this system that a considerable 
dissipation of energy takes place from the 


: conductors conveying the currents of great 
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potential and frequency, even when such con- 
ductors are thoroughly insulated both within 
and without the lamp globes, and the sub- 
ject of my present invention is a means for 


_ preventing such dissipation within the lamp, 


or rather for confining it to the particular 
parts or part of the conductor which is de- 
signed togivelight. Thisobject I find I may 
readily accomplish by surrounding the lead- 
ing-in and supporting conductors with a con- 
ductor which acts asastaticscreen. By this 
means the light-giving body or button which 
lies beyond the influence of the screen is 
quickly and efficiently brought to and main- 
tained at higher incandescence by a suitable 
electrical current or effect, by reason of the 
fact. that the electrical action to which the 
ineandescence is due is confined mainly to the 
button. 

A description of the ordinary form of lamp 
which I employ will serve to illustrate the 
principle and nature of this improvement, 
and for such description I now refer to the 


drawings which show such lamp in central 
vertical section. 

A is a glass globe of the usual form, in the 
base of which is sealed a very thin conduct- 
ing wire B, passing up through a stem of 
glass or other refractory insulator C. Tothe 
upper orinnerend of this wireisunited,as by 
means of a mass of carbon paste D, a carbon or 
other refractory stem E, that supports or car- 
ries asmall button of earbon or other suitable 
substance F. Over the stem C is passed, at 
any eonvenient stage in the manufacture of 
the lamp and in any well understood way, à 
metallic tube G. I prefer to use for this pur- 
pose à very thin eylinder or tube of alumi- 
num and itshould entirely surround all parts 
of the conductor within the globe except the 
button itself, extending to or nearly up to the 
point of union of the stem E with the button 
Е. Sucha device by reason of its electro- 
static action reduces the loss of energy sup- 
plied to the bulb, preventing its radiation or 
dissipation into space except through the ex- 
posed or unprotected button. The tube or 
screen Gis entirely insulated from the con- 
ductors within the globe and from all exter- 
nal conductors or bodies. The globe, by 
means of a suitable air pump, is exhausted 
to as high a degree as practicable, or until a 
non-striking vacuum is attained. It is con- 
nected with “the pump by the usual tube which 
is sealed off at K. 


The lamp may be made in different forms | 


and in different ways, and the invention, as 
may be readily understood from its above 
described nature and purpose,isnot confined 
to the specific form of lamp herein Shown. 

What I claim is— 

1. In an incandescent electric lamp, the 
combination of an exhausted globe, a refrac- 
tory light-giving body therein, a conductor 
leading into the globe and connected to or 
supporting the said body, and a conducting 
screen surrounding the said conductor, as set 
forth. 

2. In an incandescent electric lamp, the 
combination of an exhausted globe, a refrac- 
tory light-giving body or button therein, a 
conducting support for said button within the 





globe, and a metallie tubesurrounding or in- 
closing the said conductor up to the point of 
union with the button, as set forth. 

8. In an incandescent electrice lamp, the 
combination of an exhausted globe, a wire 
sealed therein, and coated with or embedded 
in a glass stem, a carbon stem united with 
the wire, a refractory conductor mounted on 


514,170 


said stem, and a conducting tube or cylinder 
surrounding the wire and carbon stem, as and то 
for the purpose set forth. 


NIKOLA TESLA. 


Witnesses: 
ERNEST HOPKINSON, 
PARKER W. PAGE, 
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UNITED STATES 
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NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRIC-RAILWAY SYSTEM. 


SPECIFICATION forming part of Letters Patent No. 514,972, dated February 20, 1894. 
Application fled January 2,1892, Serial No, 416,774, (No model) 


To alt whom, it may concern: 

Be itknown thatI, NTKOI.A T'ESLA, a citizen 
of the United States, residing at New York,in 
the county and State of New York, have in- 
vented certain new and useful Improvements 
in Electric-Railway Systems, of which the fol- 
lowing is a Specification, reference being had 
to the drawings accompanying and forming 
a part of the same. 

This invention is an improved system or 
plan of supplying electric current to the mo- 
tors of street or other cars or vehicles from a 
central or stationary source of Supply, with- 
out the use of sliding or rolling contacts be- 
tween the line conductor and the car motors. 
I use in my system alternating or pulsating 
currents of. very high potential, and, by rea- 
son mainly of the higher economy, high fre- 
quency. The conductor which conveys these 
currents is run from the Stationary source of 
supply along the line of travel and preferably 
through a conduit constructed ‘between, or 


alongside of the tracks or rails. 


To prevent the dissipation of the electric 
energy that would otherwise occur on a cir- 
cuit conveying: currents of the character 
which I use, I insulate the line conductor and 
surround it with a conducting coating that 
Serves as a screen, and I prefer, mainly with 
the object of localizing the action that would 
result from the establishment of an electrical 
connection between the screen and the ground 
or other conducting body, to divide up the 
outer conductor into insulated: sections of 
comparatively short length. Inthe car, or to 
each of a number running on a given track, 


` equipped in accordance with my invention, I 
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attach an arm carrying a conducting plate 
or bar that is electrically connected with the 
motor coils and which by the movement of 
the car is carried in proximity to the line con. 
ductor, so as to take off, by condenser action, 
sufficient energy to run the car motor. 

The details of the invention, and the best 
manner I am aware of in which it is or may. 
be carried out, I shall explain by reference 
to the accompanying drawings. 

_ Figure 1 is a view showing a portion of. a 
car and the means for supplying the motor of 
the same with current from a line conductor 
supported within a conduit between the rails. 


Fig. 2 is an enlarged sectional view of the 


arm carrying the conductor through which ` > 


the electric energy is transmitted from the 
line conductor to the motor. Fig. 3 is an en- 
larged view partly in section of the line con- 
ductor. ' 

I propose to employ an iron conduit A, 
which is buried preferably between the rails. 
of the track and provided with a longitudinal 
slot along its top close to one edgeor side. A 
flange B is formed or applied along the slot, 
forming a protected chamber or compartment 
for containing the line conductor. This cham- 
ber should be of such form in efoss-seetion 
that its walls will be symmetrically disposed 
with respeetto the conduetor running through 
it, and thus reduce toa minimum any dis- 
turbing inductive effects which would be pro- 
duced by an unsymmetrical disposition of the 
walls with respect to the conducting sereen or 
covering around the conductor. 

Yor the line conductor I employ a suitable 


wire C, surrounded by an insulated coating - 


D, which is inclosed in a metallic sheathing 
G. For the latter I prefer to use iron pipes 
provided with perforated lugs F, by means. 
of which the conductor is Suspended by in- 
sulated rods or other devices E. I also divide 
up the conducting screen or sheathing into 
sections insulated from one another, but over- 
lapping soas to leave no breaks in the sereen. 
The advantage in dividing up the screen in 
this manner is that the loss due to currents 
induced in the outer conductor is reduced, 
while at the same time the grounding of any 
one section would result in a very small loss 
compared with what would take place froma 
continuous sheath; moreover, by overlapping 
the ends of the sections but little opportunity 
is afforded for the dissipation of energy. 
Thé ear is represented as carrying à motor 
H, which may be of any suitable construction 
and capable of being operated by currents of 
the kind employed. Connected with the mo- 
tor or car is an iron or conducting tube I, that 
extends down into the conduits through the 
slot therein. The lower end of this tube is 


bent in the form of a hook and supports 
within the conductor chamber a bar or plate 
J that presents to the line conductor a соп- 
ducting surface. This bar or plate is elec- 
trieally.conneeted with the motor coils by an 
insulated wire K, that passes up through tho 
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tube I, and all parts of the said plate except 
thie surface exposed to the conductor C, or its 
metallic sheath, are insulated and protected 
by a metalliesereen L. It is obvious that all 
portions of the arm as well asthe plate itself 
may be insulated as by a water-proof cover- 
ing, and it will be understood that the prin- 
cipal object of the invention would still be 
attained even though the plate were in actu al 
contact with the screen while the car is in 
^ motion. 

In operation, the line conduetor C is con- 
nected with a source of current of very high 
potential and great frequency. | This current 

15 шау. ре conveyed to any desired distance 
without material loss, as the insulated metal- 
lie covering or sheath around. the conductor 
serves as a static screen to prevent the dissi- 
pation of theenergy. The presence, however, 

o of a plate J of any car close to the sheath or 
sereen disturbs the electrical equilibrium and 
sets up by condenser action a transfer of en- 
ergy from the screen to the plate sufficient to 
operate the motor on the car. 

25 Inthe above, I have described the вегееп, 
whether continuous or subdivided, as wholly 
insulated from the ground or surrounding con- 
ducting bodies, but the single continuous 
sereen or each section of the same, may be 

30 connected to the ground through a condenser 
of relatively very small capacity, through a 


device of high self-induetion or resistanoe, a8 
shown in dotted lines at C' in Fig. 1. 

Ido notelaim in this application the par- 

35 ticular line conductor described, nor the 

broad idea of inducing from astationary con- 


i with the conduit, 


ductor the current to operate the motor on à 
traveling ear or other vehicle, but 

What I claim is— 

1. In an electric railroad system operated 
by electric currents of high potential and fre- 
quency, the combination of an insulated and 
electrically screened supply conductor ex- 
tending along the line of travel, a motor car 
or cars carrying a conducting plate or bar in 
inductive relation to the screened conductor 
and anelectrical connection between the said 
plate and the motor, as set forth. 
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2. In an electric railroad system operated | 


by electric currents of high potential and fre- 
quency, the combination of a supply conduc- 
tor running along the line of travel, a con- 
duetingsheath orsereen dividedintoinsulated 
sections and surrounding the said conductor, 
a motor ear supporting a conducting body in 
proximity to the supply conductor and an 
electrical connection between said body and 
the motor as set forth. 

3. Inan electrical railway system, the com- 
bination with aslotted conduit of an insulated 
conductor supported therein, an insulated 
sheath or screen surrounding the conductor, 
a motor car adapted to run on tracks parallel 
a conducting plate or bar 
carried by an arm depending from the car 
into the conduit, and an electrical connection 
between the plate and the motor, as set; forth. 


NIKOLA TESLA. 
Witnesses: 


ERNEST HOPKINSON, 
PARKER W. PAGE. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRICAL METER. . 


SPECIFICATION forming part of Letters Patent No, 514,978, dated February 20, 1894, 
Application filed December 16,1893, Serial No. 493,739, (No model.) 


To all whom it may concern: | 

Beit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, in 
the county and State of New York, have in- 
vented certain new and useful Improvements 
in Electrical Meters, of which the following is 
a specification, reference being had to the 
drawings accompanying and forming a part 
of the same. | 

The subjeet of this invention is a novel 
method of and apparatus for computing the 
energy that has been expended in a given 
time in a cireuit, and is more particularly de- 
signed for measuring the expended energy of 
alternating. eurrents and those of varyiug 
strength. 

The invention is based on the faet that 
when a high tension discharge is made to pass 
from a conductor through a rarefied gas, mi- 
nute particles are thrown off from the con- 
ductor and are embodied in any apparatus in 


-© which the proper conditions for the above re- 
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. the proper degree and which is sealed off after 
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sults are present, and in which the amount of 
the particles thrown off from the conductor 
or conductors as a result of such action is in 
proportion to the strength of the current, the 
energy of which is to be computed, and can 
be measured from timetotime. Asthe most 
convenient means of utilizing this principle 
in carrying out my invention, I have devised 
an instrument of the following character: In 
a tube or other receiver, preferably of glass, 
are placed two conductors, parallel to each 
other. The most convenient conductors for 
this purpose are composed of thin sticks or 
filaments of homogeneous carbon, to the ends 
of which platinum wires are attached, which 
latter are sealed in the glass, and, inside the 
tube protected by a coating of some insulat- 
ing material, while their ends outside of the 
tube are connected to or formed as suitable 
terminals. The glass tube is provided with 
a small tube through which it isexhausted to 


exhaustion in the usual manner. If the two 
conductors or carbons be connected to the two 
parts of a cireuit over which flows an alter- 
nating current of high tension, a discharge 
takes place from one carbon to the other al- 
ternately, that causes infinitesimal particles 
to be thrown off from each, which appreciably 
inereases their electrical resistance. 











This 


variation may be used as a measure of the 
energy of a current in a working circuit, as I 
shall now explain more in detail and by refer- 
ring to the drawings hereto annexed, and in 
which— | 20 

Figure 1 illustrates the instrument above 
described and, diagrammatically, the manner 
of using the same.. Fig. 2 is a cross section 
on an enlarged scale of one of the carbon con- 
ductors. 

One terminal of each of the carbon con- 
ductors A, B, sealed as above described in 
the tube or receiver C, is connected to a ter- 
minal of the secondary D of a high tension 
induction: coil, preferably constructed with- 
outiron. The carbons are supported by the 
metallic conductors H, preferably of plati- 
num in whole or in part, and having inside 
the receiver a coating of insulating material 
L. The primary E of the induction coil is 
connected in series with incandescent lamps 
or other non-inductive translating devices F, 
supplied with alternating currents from any 
suitable generator G. Under these condi- 
tions, since the difference of potential at the 
terminals of the secondary of: the induction 
coil is proportionate to the primary current, 
it is, therefore, proportionate to the number 
of lamps or other devices F. | 

The action of the discharge in the tube C 
from one conductor to the other produces a 
uniform throwing off of the infinitesimal par- 
ticles of carbon along the entire length of 
the conductors, as the difference of potential 
between the two is practically equal at all 
points, and the increase in resistance will, 
therefore, be uniform. The amount, how- 
ever, of the particles thus thrown off in a 
given time is proportionate to the difference 
of potential between the two conductors, and 
hence the increase in the resistance of the 
conductors is in a definite proportion to the 
number of lamp hours. Thus, the energy 
may be computed from the variation in the 
resistance of the conductors in the following 
manner: The resistances of the conductors 
are accurately measured in any of the usual 
ways.. Then a known current is caused to 
pass for a given time through the primary 
of the induction coil and a given number of 
lamps. The resistances of the conductors are 


then taken again and the increase gives the 
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constant which permits of the calculation of 
the energy consumed from the variation in 
the resistance of one conductor. 

To simplify the calealation, the carbon 
conductors may be made rectangular in cross- 
section, see Fig. 2, which is an enlarged cross- 
section of one of the carbons, coated with 
an insulating substance M, ṣo as to expose 
only one side from which the material is 
thrown off. In such case the variation of re- 
sistance may be simply multiplied by the 
constant to determine the energy. But it is 
an easy matter to determine by a simple eal- 
culation the amount of energy expended in 
any case, provided the dimensions of the con- 
ductors are known. The former plan is pref- 
erable, however, as by it the energy may be 
directly read off by using a properly gradu- 
ated ohm meter. 

If inductive resistances be used in place of 
the lamps F, it will be understood that the 
conditions for ascertaining the energy ex- 
pended must be varied accordingly and in 
well understood ways, which require no spe- 
eial deseription herein. 

I do not. limit myself to the specific con- 
struction of the instrument herein shown, for 
the same may be varied In many well under- 
stood ways. For example, only one of the 
two conductors need be inside the tube, it 
being only necessary that they be placed in 
such relations that the high tension discharge 
shall take place between them through the 
rarefied gas. 

The above described plan I regard as the 
most convenient for ascertaining the amount 
of the particles thrown off from the conduc- 
tors, but other means for this purpose may be 
resorted to. 

What I claim as my invention is— 

1. The method, herein described, of meas- 
uring the amount of electrical energy ex- 
pended in a given time in an electric circuit 


‘of alternating currents, which consists in 


45 


maintaining by such currents a high tension 
discharge through a rarefied gas between two 


| 
| 


conductors, and computing from the amount 
of the particles thrown off from said conduc- 
tors or one of the same by the action of the 
discharge of the energy expended. 

2. The combination with a circuit of alter- 
nating currents, of a meter composed of two 
conductors connected respectively with the 
circuit and separated by a rarefied gas sub- 
stantially as set forth. 

3. The combination with a working cireuit 
of alternating currents, translating devices 
substantially as described connected there- 
with, a primary coil in series with the trans- 
lating device and a high tension secondary 
therefor, of a meter composed of an exhausted 
receiver having two conductors sealed there- 
in, one terminal of each conductor being con- 
nected to a terminal of the seeondary, as set 
forth. 

4. A meter for electric currents, consisting 
in the combination with an exhausted re- 
ceiver, of two conductors contained therein 
and connected with wires sealed into the 
walls of said receiver, the said meter having 
two line or circuit terminals, one connected 
with each conductor, therein, as set forth. 

5. A meter for electric currents, consisting 
in the combination with an exhausted re- 
ceiver of two rectangular carbon conductors 
mounted therein and coated with an insulat- 
ing material on three sides, as and for the 
purposes set forth. 

6. A meter for electric currents, consisting 
in the combination with an exhausted re- 
ceiver, of two carbon conductors presenting 
surfaces between which a discharge is adapt- 
ed to take place, and metallic conductors 
sealed in the walls of the receiver and sup- 


50 


55 


60 


65 


79 


75 


8o 


porting said carbons, the metallic conductors 85 


inside the receiver being coated with an in- 
sulating material, as set forth. 


NIKOLA TESLA. 


Witnesses: 
JAMES N. CATLOW, 
PARKER W. PAGE. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


STEAM-ENGINE. 


SPECIFICATION forming part of Letters Patent No. 517,900, dated April 10, 1894. 
Application filed December 29,1898, Serial No, 495,079. (No model) | 


Lo all whom tt may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New York, 
in the county and State of New York, have 
invented certain new and useful Improve- 
ments in Steam-Engines, of which the follow- 
ing is à specifieation, reference being had to 
the drawings accompanying and forming a 
part of the same. | 

Heretofore, engines, operated by the appli- 
cation of a foree such as the elastie tension 
of steam or a gas under pressure, have been 
provided with a fly-wheel, or some rotary sys- 
tem equivalent in its effect and possessing 
relatively great mechanical inertia, which was 
relied upon for maintaining a uniform speed. 
Ihave produced however, an engine which 
without such appurtenances, produces, under 
very wide variations of pressure, load, and 
other disturbing causes, an oscillating move- 


ment of constant period, and haveshown and | 


described the same in an application filed on 
August 19,1893, Serial No. 483,563. A de- 
scription of the principle of the construction 
and mode of operation of this device is nec- 
essary to an understanding of my present in- 
vention. When a spring which possesses a 
sensible inertia is brought under tension as 
by being stretched and then freed, it will 
perform vibrations which are isochronous and, 
as to period, mainly dependent upon the ri- 
gidity of thespring and itsown inertia or that 
of the moving system of which it forms an 
immediate part. This isknown to be true in 
all cases where the force which tends to bring 
the spring or movable system into a given 
position is proportionate to the displacement. 
In utilizing this prineiple for the purpose of 
producing reciprocating movement of a con- 
stant period, I employ the energy of steam or. 
gas under pressure, acting through proper 
mechanism, to maintain in oscillation a piston, 
and connect with or cause to act upon such pis- 
ton a spring, preferably, an air spring, under 
such conditions as to automatically regulate 
the period of the vibration, so that the alter- 
nate impulses of the power impelled piston 
and the natural vibrations of the spring shall 
always correspond in direction and coincide 
in time. In such an apparatus it being es- 


sential that the inertia of the moving system | opening d". 


certain definite relations, itis obvious that the 
practicable amount of work performed by the 
engine, when this involves the overcoming of 
inertia is a limitation to the applicability of 
the engine. I therefore propose, in order to 
secure all the advantages of such perform- 
ances as this form of engine is capable of, to 
utilize it as the means of.controlling the ad- 


| mission and exhaust of steam or gas under 


pressure in other engines generally, but more 
especially those forms of engine in which the 
piston is free to reciprocate, or in other words, 
is not connected with.a fly wheel or other like 
device for regulating or controlling its speed. 
The drawings hereto annexed illustrate 
devices by means of which the invention may 
be carried out, Figure 1 being a central ver- 
tical section of an engine embodying my in- 
vention, and Fig. 2 a similar view of a modi- 
fication of the same. 
Referring to Fig.1,A designates a cylinder 
containing a reciprocating piston B secured 
to a rod C extending through one or both cyl- 
inder heads. | 
D D' are steam duets communicating with 
the cylinder at or near its ends and E is the 
exhaust chamber or passage located between 
the steam ports. The piston B is provided 
with the usual passages F F’ which by the 
movements of the piston are brought alter- 
nately into communication with the exhaust 
port. `. E 
G designates a slide valve which when re- 


ciprocated admits the steam or the gas by 


which the engine is driven, from the pipe G’ 
through the ducts D D’ to the endsof thecyl- 

inder. | 
The parts thus described may be considered 
as exemplifying any cylinder, piston and slide 
valve with the proper ports controlled there- 
by, but the slide valve instead of being de- 
pendent for its movement upon the piston B 
is connected in any manner so as to be recip- 
rocated by the piston rođ of a small engine of 
constant period, constructed substantially as 
follows:—a is the cylinder, in which works the 
piston b. An inlet pipe c passes through the 
side of the cylinder at the middle portion of 
the same. The cylinder exhausts through 
ports d d into a chamber d’ provided with an 
7. The piston b is provided with 


and the rigidity of the spring should bear i two circumferential grooves e, f which com- 
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munieatethrough openings g in thesame with 
thecylinder chambers on opposite sides of the 
piston. The special construction of this de- 
vice may be varied considerably, but it is de- 
sirable that all the ports, and more particu- 
larly, the exhaust ports be made larger than 
is usually done, so that no force due to the ac- 
tion of the steam or compressed air in the 
chambers will tend to retard or accelerate the 
movement of the piston in either direction. 
The piston b is secured to a rod A which ex- 
tends through the cylinder heads, the. lower 
end carrying the slide valve above described 
and the upper end having secured to it a 
plunger 7 in a cylinder 7 fixed to the cylinder 
a and in line with it. Thecylinder 2 is with- 
out ports of any kind and is air-tight except 
that leakage may occur around the piston rod 
which does not require to be very close fitting, 
and constitutesan ordinary form of air spring. 

If steam or a gas under pressure be admit- 
ted through the port c to either side of the 
piston 0, the latter,as will be understood, may 
be maintained in reciprocation, and itis free to 
move, in the sense that its movement in either 
direetion ceases only when the force tending 
to impel it and the momentum which it has 
acquired are counterbalanced by the increas- 
ing pressure of the steam in that end of the 
eylinder toward which it is moving, and as in 
its movement the piston has shut offata given 
point, the pressure that impelled it and estab- 
lished the pressure that tends to return it, itis 
then impelled in the opposite direction, and 
this action is continued as long as the requi- 
site pressure is applied. The movements of 
the piston compress and rarefy the air in the 
eylinder ¿ at opposite ends of the same alter- 
nately, and this results in the heating of the 
eylinder. But since a variation of the tem- 
perature of the air in the chamber would af- 
fect the rigidity of the air spring, I maintain 
the temperature uniform as by surrounding 
the cylinder ¢ with a jacket a’ which is open 
to the air and filled with water. 

In. such ah engine as that just above de- 
Seribed the normal pressure will produce a 
Stroke of determined length, which may be 
inereased or diminished according to the in- 
erease of pressure above or the reduetion of 
pressure below the normal and due allowanee 
is made in construeting the engine for a va- 
riation in the length of stroke. The rate or 
period of reciprocation of the piston, however, 
is no more dependent upon the pressure ap- 
plied to drive it, than would be the period of 
oscillation of a pendulum permanently main- 
tained in vibration, upon the force which. pe- 
riodically impels it, the effect of variations in 


such force being merely to produce corre- 


sponding variations in the length of stroke or 
amplitude of vibration respectively. The pe- 
riod is mainly determined by the rigidity of 
the air spring and the inertia of the moving 
system and I may therefore secure any pe- 
riod of oscillation within very wide limits by 
properly proportioning these factors, as by 
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varying the dimensions of the air chamber 
which may be equivalent to varying the rigid- 
ity of the spring, or by adjusting the weight 
of the moving parts. This latter is readily 
accomplished by making provision for the at- 
tachment to the piston rod of one or more 
weights i’. Since the only work which the 
small engine has to perform is the reciproca- 
tion of the valve attached to the piston rod, 
its load is substantially uniform and its pe- 
riod by reason of its construction will be con- 
stant. Whatever may be the load on the 
main engine therefore the steam is admitted 
to the eylinder at defined intervals, and thus 
any tendency to a change of the period of 
vibration in the main engine is overcome. 

The control of the main éngine by the en- 
gine of constant period may be effected in 
other ways—of which Fig. 2 will serve as an 
illustration. In this ease the piston of the 
controlling engine constitutes the slide valve 
of the main engine, so that the latter may be 
considered as operated by the exhaust of the 
former. In the figure I have shown two cyl- 
inders A A’ placed end to end with a piston 
B and B’ in each. The cylinder of the con- 
trolling engine is formed by or in the casing 
intermediate to the two main cylinders but in 
allotheressentialrespeetstheconstruoetion and 
mode of operation of the controlling engine re- 
mains as described in connection with Fig. 1. 
The exhaust ports d d however, constitute the 
inlet ports of the cylinders A A’ and the ex- 
haust of the latter is effected through the 
ports m, m which are controlled by the pis- 
tons B and B’ respectively. The inlet port 
for the admission of the steam to the control- 
ling engine is similar to that in Fig. 1 and is 
indicated by the dotted circle at the center 
of the piston b. 

Anengine of the kind described possesses 
many and important advantages. A much 
more perfect regulation and uniformity of ac- 
tion is secured, while the engine is simple 
and its weight for a given capacity is very 
greatly reduced. The reciprocating move- 
ment of the piston may be converted, by the 
ordinary mechanisms into rotary motion or 
it may be utilized and applied in any other 
manner desired, either directly or indirectly. 

In another application of even date here- 
with I have shown and described two recip- 
roeating engines combined in such manner 
that the movement or operation of one is de- 
pendent upon and controlled by the other. 
In the present case, however, the controlling 
engine is not designed nor adapted to per- 
form other work than the regulation of the 
period of the other, and it is moreover an en- 
gine of defined character which has the capa- 
bility of an oscillating movement of constant 
period. 

What I claim is— 

1. The combination witb the cylinder and 
reciprocating piston and controlling valve of 
an engine adapted to be operated by steam 
or a gas under pressure of an independently 
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controlled engine of constant period operat- 
ing the said valve, as described. 

2. The combination of an engine cylinder, 
a piston adapted to reciprocate therein, a 
slide valve for controlling the admission of 
steam tosaid cylinder, and an independently 
controlled engine of constant period opera- 
tively connected with said valve. 

3. The combination with the cylinder, pis- 
ton and valve mechanism of a main or work- 
ing engine, of an independent controlling 
engine comprising a cylinder, a piston con- 
nected with-the valve mechanism of the main 
engine, and a spring acting upon the said 
piston and controlling the period of its recip- 
rocation, as set forth. 

4, The combination with a cylinder and a 
piston adapted to be reciprocated by steam 
or a gas under pressure of a cylinder and a 


20 plunger therein reciprocated by the piston 


and constituting with its cylinder an air 
spring, and an open jacket or receptacle 
around the said cylinder and containing wa- 
ter to preserve the temperature of the air 
spring uniform, as set forth. 

5. The combination with a cylinder, a re- 
ciprocating piston and valve mechanism for 
controlling the admission and exhaust.of the 
steam or gas under pressure, of a cylinder, a 
piston connected with and operating said 
valve mechanism, and an air spring vibrated 
by the piston, the spring and piston being 
related in substantially the manner described 
to produce a reciprocating movement of con- 
stant period. 


NIKOLA TESLA. 


Witnesses: 
ARTHUR H. SMITH, 
ERNEST HOPKINSON. 
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To ail whom it may concern: : 
Be it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Aústria-Hun gary, from 
Smiljan, Lika, border country of. Austria- 
5 Hungary, and a resident of New York, in the 
county and State of New York, have invented 
certain new and useful Improvements in Elec- 
tromagnetic Motors, of which the following is 
a specification, reference being had to the 
го drawings accompanying and forming a part 

of the same. 

. In previous patents of the United States 
notably in those numbered 381,968 and 
382,280, dated May 1, 1888, I have shown and 
15 described a system of transmitting power by 
means of electro-magnetic generators and mo- 
tors. The distinguishing feature of this sys- 
tem was shown to be the progressive move- 
ment or shifting of the magnetic poles or 
20 points of maximum attraction of a motor, due 
to the action or effect of alternating currents 
passed through independent energizing cir- 
cuits in the motor. To secure this result the 
two currents must have different phases, the 
25 bestresults being obtained when the two cur- 
rents differ by a quarter phase, or in other 
words when the periods of maximum potential 
of one current coincide with the minimum pe- 
riods of the other, and conversely. I have 
also discovered that a single alternating eur- 
rent may be utilized to produce a progression 
or shifting of the magnetic poles of a motor 
if the field magnets of the same be of differ- 
ent magnetic susceptibility in different parts 
35 so that the magnetic phases of the same will 
differ. That is to say, if the field magnets are 
of such character that their different portions 
will be differently magnetized—in respect to 
time—by the same current impulse, and so 
чо disposed that the difference of magnetic 
phase will maintain a rotary or progressive 
shifting of the points of maximum magnetic 
effect. This may be accomplished in various 


20 


ways, aS may best be explained by reference 
45 to the accompanying drawings, in which—. 
Figure 1, is a diagrammatic view of a mo- 
tor constructed in accordance with my inven- 
tion and a generator connected therewith. 
Fig. 2, is an end view of a modified form of 
-50 armature for said motor. 








Let A designate an ordinary type of alter- 
nating current generator in the circuit of 
which is to be connected a motor or motors, 
according to my present invention. І соп- 
struct such motor or motors in the following 55 
manner: On a shaft a I mount an armature C, 
which for convenience of illustration ig pre- 
sumed to be a soft iron plate or disk with two 
cut-away portions or a bar with rounded ends, 
Around this armature I place say four poles, 60 
D D E E, of soft iron, and, as is usual in all 
alternating current machines, built up of in- 
sulated plates or sections to prevent the heat- 
ing that would otherwise occur. Each of these 
cores is surrounded by an energizing coil F 65 
and all of these coils are connected to the 
main circuit from the generator A in series 
or in any other manner to receive simultane- 
ously the current impulses delivered by the 
generator. If the cores are all of the same 70 
shape or mass, or composition, and the coils 
are all wound in the same or alternately op- 
posite directions, no rotation would be pro- 
duced by the passage through the coils of a 
current, whether alternating or direct, since 75 
the attractive forces of the poles upon the 
soft iron armature would be developed simul- 
taneously and would counterbalance or neu- 
tralize each other. But to secure rotation I 
make, for example, the cores D D short with 8o 
their coils elose to their inner ends and the 
cores É E long, with their coils removed from 
the inner ends. By this means I secure a 
difference in the magnetic phases which the 
poles exhibit, for while the short cores will 85 
respond to the magnetizing effect of an alter- 
nation or impulse of current in the coils ina 
certain time, a greater interval of time will 
elapse before the same magnetic intensity 
will be developed at the ends of the longer 90 
cores, and in practice I have found that this 
difference in phase may be utilized to pro- 
duce the rotation of the armature. The of- 
fect being virtually to produce a shifting of 
the points of maximum magnetie effect simi- 
lar to that which takes place when two alter- 
nating energizing currents, differing in phase 
are used, as explained in the patents above 
referred to. The essential difference being 
that in my patented system the rotation is ef- roo 
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fected by a time difference of electrical phase, 
while in the present case it is due to a differ- 
ence in magnetic phases. 

The same or similar results are obtainable 
by other means. For example, to secure the 
requisite difference of magnetic phase, I may 
make two of the cores as E E of greater mass 
than cores D D, whereby their period of sat- 
uration will be greater than of cores D D, or 
I may make the cores E E of hard iron or 
Steel and the cores D D of soft iron, in which 
case the cores E E offering greater resistance 
to magnetie changes, will not exhibit their 
magnetism as soon after the passage of a cur- 
rent as the cores D D. Orif the cores of one 
set of poles, as D, D, be removed, the attract- 
ive force of the coils or solenoids would be 
exerted instantly while the magnetie cores E 
E would lag or have a ditferent phase. 

The special form of the motor is largely a 
matter of choice, nor is the invention limited 
to the number of poles nor to the special form 
of armature shown. For example, I may 
employ such an armature as that shown in 
Fig. 2, which is a cylinder or disk O wound 
with coils G closed upon themselves. This 
adds materially to the efficiency of the motor 
forthe reason that currents are induced in 
the closed coils and magnetize the iron cyl- 
inder in a manner similar to that described 
in my Patent No. 383,279 of May 1, 1888. 

Without limiting myself, therefore, in the 
particulars hereinbefore specified, what I 
claim as my invention is— 

1. In an alternating current motor the com- 
bination with energizing coils adapted to be 
connected with an external circuit of cores of 
different magnetic susceptibility so as to ox- 
hibit differences of magnetic phase under the 


influence of an energizing current, as herein 40 


set forth. 

2, The combination in an alternating cur- 
rent motor with a rotary armature of mag- 
netic poles, and coils adapted to be connected 
with the external circuit surrounding the 
same, the said cores being constructed of dif- 
ferent size or material whereby their mag- 
netic phase will differ in time as set forth. 

3. The combination in an electro magnetic 
motor with a rotary armature of magnetic 
cores of different length or mass and ener- 
gizing coils surrounding the same and adapted 
to be connected with a single source of alter- 
nating currents, as set forth. 

4. The combination in an electro magnetic 
motor with a rotary armature of short mag- 
netic cores as D D and long magnetie cores 
as E E, and energizing coils surrounding the 
Same, those on the cores E E being placed at 
a distance from the inner ends of the said 
cores, as herein set forth. 

5. The combination in an electro-magnetic 
motor with energizing coils adapted to be con- 
nected with a source of alternating currents, 
and cores of different magnetic susceptibility, 
of an armature wound with coils closed upon 
themselves, as herein set forth. 

6. The combination in an electro magnetic 
motor with a rotary armature of field cores 
of different magnetic susceptibility and en- 
ergizing coils thereon conneeted in series and 
adapted to be connected with a source of al- 
ternating currents, as set forth. 


NIKOLA TESLA. 


Witnesses: 
GEO. N. Monro, 
A. PATTERSON. 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Electromagnetic Motors, of 


which the following is a specification, refer-. 


ence being had to the drawings accompany- 
ing and forming a part of the same. 

In former patents granted to me—notably, 
Patents Nos. 381,968 and 382,280, of May 1, 
1888—I have shown and described a system 
for the electrical transmission of power char- 
acterized by the following particulars: The 
motor contains independent energizing-cir- 
cuits and the generator has corresponding in- 
duced or current-generating circuits which 
are connected by independent line-circuits 
with those of the motor, the said circuits be- 
ing independent in the sense only that the 
distinctive relations of the currents produced, 
transmitted and utilized in each are preserved 
to produce their proper conjoint effect. The 
disposition of the generator coils or circuits 
is such that the currents developed therein 
and transmitted therefrom to the motor will 
have a certain difference of phase—for ex- 
ample, so that the maximum periods of the 
currents generated in one of such circuits co- 
incide with the minimum periods of the cur- 
rents produced in the other circuit, and the 
corresponding energizing-circuits of the mo- 
tor are so arranged. that the two currents co- 
operate to effect a progressive shifting of the 
magnetic poles or the points of maximum 
magnetic effect in the motor, in consequence 
of which a rotation of its movable element is 
maintained, | 

My present invention pertains to this sys- 
tem. of electrical transmission of power, its 
novel and distinguishing feature, however, 


being a special means for generating or pro-. 


ducing in the two motor-circuits the alter- 
nating current necessary for the operation of 
the motor, for while in the instances referred 
to I produce both currents directly by a mag- 
neto-electrie machine in the present instance 
Igenerate or produce in but one of the cir- 
cuits of the motor directly an alternating cur- 
rent, and by means of such current induce 
in the other energizing-motor circuit the other 








alternating current necessary for its opera- 
ation. 

When the two currents are both produced 
in the magneto-electric machine, it will be ob- 55 
served that the two line or transmitting cir- 
cuits will of necessity extend the entire dis- 
tance from the generator to the motor; but 
by the plan herein provided one line-circuit 
only is required, as the circuit from the gen- 6o 
erator and the otherare brought into induet- 
ive relation to each other in the motor itself. 

The following is illustrative of a means by 
which I secure this result in accordance with 
my present invention: I employ as a motor, 65 
for example, a subdivided annular field-mag- 
net within which is mounted a suitable arma- 
ture, as a cylinder or disk, wound with two 
coils at right angles, each of which forms a 
closed circuit. On opposite sides of the an- 70 


.nular field-magnet I wind two eoils of insu- 


lated wire of a size adapted to carry the cur- 
rent from the generator. Over these coils, or 
close to them, in any of the well-understood 
ways, I wind secondary coils. Ialso wind on 75 
the annular field-magnet midway between ` 
the first-mentioned coils a pair of coils which 

I connect up in circuit with the secondary 
coils. 

The last pair of coils I make of finer wire 8o 
than the main or line and secondary coils, and 
with a greater number of conyolutions, that 
they may have a greater relative magnetizing 
effect than either of the others. 

By connecting up the main coils in cireuit 85 
with a generator of alternating currents, the 
armature of the motor will be rotated. Ihave 
assumed that this action is explained by the 
following theory: A current-impulse on the 
line passing through the main coils establishes . 9o 
the magnetic poles of the annular field-mag- 
net at points midway between said coils; but 
this impulse produces in the secondary coils 
a current differing in phase from the first, 
which, circulating through the second pair of 95 
energizing-eoils, tends to establish the pole at 
points ninety degrees removed from their first 
position, with the result of producing a move- 
ment or shifting of the poles in obedience to 
the combined magnetizing effect of the two roo 
setsof coils. This shifting, continued by each 
successive current-impulse, establishes what. 
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may be termed a “‘ rotary effort,” and operates 
to maintain the armature in rotation. 

In the drawings annexed I have shown, in 
Figure 1, an alternating- current generator 
connected with a motor shown diagrammati- 
cally and constructed in accordance with my 
invention, and in Fig. 2a diagram of a modi- 
fied form of motor. 

A designates any ordinary form of alter- 
nating-eurrent generator, and D D the line- 
wires for connecting the same with the motor. 

C is the annular field-magnet of the motor. 

D D are two main coils wound on opposite 
sides of the ring or annular field and con- 
nected up with the line and having a tend- 
ency to magnify the ring C with opposite poles 
midway between the two coils. 

E E are two other magnetizing-coils wound 
midway between the- coils D D, but havinga 
stronger magnetizing influence for a current 
of given strength than coils D D. 

FE F are the secondary coils, which are as- 
sociated with the main coils D D. They are 
in circuits which include the coils E E, re- 


spectively, the connections being made іп” 


such order that currents induced in coils F 
and circulating in coils E will act in opposi- 
tion to those in coils E in so far only as the lo- 
eation of the magnetie poles in the ring C is 
concerned. 

The armature may be of any of the forms 
used by me in my alternating-current system, 
and is shown as wound with two closed coils 
G H at right angles to each other. 

In order to prolong the magnetizing effect 
of the induced currents in producing a shift- 
ing of the poles, I have carried the principle 
of the construction exhibited in Fig. 1 fur- 
ther, thereby obtaining a stronger and better 
rotary effect. 

Referring to Fig. 2, Cis an annular field- 
magnet having three pairs or oppositely-lo- 
cated sets of polar projections K L M. Upon 
one pair of these projections, as K, the main 
energizing-coils D arc wound. Overthese are 
wound the secondary coils E. On the next 
polar projections L L are wound the second 
energizing-coils F, which are in circuit with. 
coils E. Tertiary-induced coils E’ are then 
wound over the coils F, and on the remaining 
polar projections M the third energizing-coils 
1" are wound and connected up in the cireuit 
of the tertiary coils E’. 

The cylindrical or disk armature core N in 
this motor has polar projections wound with 
coils O, forming closed cireuits. My object 
in constructing the motor in this way is to 
effect more perfectly the shifting of the points 
of maximum magnetic effect. Tor; assuming 
the operation of the motor to be due to the 
action above set forth, the first effect of a 
current-impulse in this motor will be to mag- 
netize the pole-pieces K K; but the current 
thereby induced in coils E magnetizes the 
pole-pieces L, and the current induced in turn 
in coils E’ magnetizes the pole-pieces M. The 
pole-pieces are not magnetized, at least to 
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their full extent, simultaneously by this 
means; but there is enough of a retardation 
or delay to produce a rotary effect or infiu- 
ence upon the armature. The application of 
this principle is not limited to the special 
forms of motor herein shown, as any of the 
double-cireuit alternating-current motors in- 
vented by me and described in former Letters 
Patent to me may be adapted to the same 
purpose. 

This invention, moreover, is not limited to 
the specific means herein shown for inducing 
in one energizing-circuit of the motor the cur- 
rents necessary for co-operating with the pri- 
mary current of the generator for producing 
the progressive shifting of the poles or points 
of maximum magnetic effect. 

I believe that I am the first to produce any 
kind of a motor adapted to be operated by 
alternating currents and characterized by any 
arrangement of independent circuits brought 
into inductive relation so as to produce a ro- 
tary effort or effect due to the conjoint action 
of alternating currents from a source of sup- 
ply in one of the motor-circuits and alternat- 
ing currents induced by the first-named cur- 
rents in the other circuit, and this without 
reference to the specific character or arrange- 
ment of the said two circuits in the motor. 

WhatItherefore eclaim as my invention is— 

1. Inan electromagnetie motor, the combi- 
nation of independent energizing-circuits, one 
adapted to be connected with a source of al- 
ternating current, the other arranged in in- 
ductive relation to the said first circuit where- 
by the motor will be operated by the result- 
ant action of the two eircuits, as set forth. 

2. The combination in an electromagnetic 
motor, with an alternating coil or conductor 
and a closed-circuit conductor in inductive 
relation thereto, of an armature mounted so 
as to be within the field produced by the coil 
and closed conductor, as set forth. 

8. The combination in an electromagnetic 
motor, with energizing-coils adapted to be 
connected with the generator of induced coils 
and independent energizing-coils in cireuit 
therewith and arranged to produce a shifting 
movement of the points of maximum mag- 
netie effect of the motor, as set forth. 

4. The combination in an electromagnetic 
motor of a series of independent energizing- 
coils or sets of coils and induced coils wound 
on all the energizing-coils or sets of coils but 
the last of the series, the first energizing-coil 
or set of coils being ineluded in eireuit with 
a generator and each succeeding energizing- 
coil or set of coils being in circuit with thein- 
duced coils of the next preceding energizing- 
coils of the series. 

5. In a system for the electrical transmis- 
sion of power the combination of an alternat- 
ing-eurrent generator, a motor with an ener- 
gizing coil or coils connected with the gen- 
erator, secondary coils in inductive relation 
to said energizing-coils, and energizing-coils 
in circuit therewith arranged in substantially 
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the manner set forth to produce a movement 
or rotation of the points of maximum mag- 
netic effect of the motor, as set forth. 

6. In an electromagnetic motor the combi- 
nation of independent energizing-circuits,one 
for connection with a source of alternating 
currents, the other in inductive relation tothe 
first, whereby a rotary movement or projec- 
tion of the field-poles will be produced by the 


eo 


conjoint action of. the two and an armature ro 
mounted within the influence of the field pro- 
duced by the energizing-circuits and contain- 
ing closed coils or circuits, as set forth. 


NIKOLA TESLA. 
Witnesses: | 
Rost. F. GAYLORD, 
FRANK E. HARTLEY. 
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Lo att whom it may concern: ' 

Beit known that I, NIKOLA TESLA, acitize 
of the United States, residing at New York, 
in the county and State of New York, have 
invented certain new and useful Improve- 
ments in Electrical Condensers, of which the 
following is a specification, reference being 
had to the drawings accompanying and form- 
ing a part of the same. 

It has heretofore been announced and dem- 
onstrated by me that, under ordinary condi- 
tions, the efficiency of an electrical condenser 
is greatly increased by the exclusion of air or 
gaseous matter in general from the dielectric. 
In a patent granted to me December 8, 1891, 
No. 464,667, I have shown and described a 
convenient and practicable means of accom- 
plishing this result by immersing the con- 
ducting-plates or armatures of thecondenser 
in an insulating fluid; such as oil. 

My present invention, while based upon 


this important feature of the practically com- 


plete exclusion of air or gas from the dielec- 
tric, is an improvement on the forms of con- 
denser heretofore described and used by me. 

According to my present invention I-em- 
ploy an electrolyte, or, in general, a conduct- 
ing liquid in lieu of a solid, as the material 
for the armatures of thé condenser, under 
conditions more fully hereinafter described, 
whereby air or gas will be practically pre- 
vented from exercising upon the condenser 
or the more active portions of the same the 
detrimental effects present in such devices as 
heretofore made. Such condensers are es- 
pecially advantageous when used with cir- 
cuits of great rates of electrical vibration be- 
cause of the high conducting capacity of such 
fluids for currents of this character. There 
is, however, a general advantage derived 
from the fact that the conducting fluids have 
a high specific heat, so that the temperature 
remains constant, a condition in many cases 
highly advantageous and not met with in 
condensers of ordinary construction. 

In the accompanying drawings, annexed 
in illustration of the manner in which my im- 
provement is or may be carried into practice, 
Figure 1 is a view, partly in vertical section, 
of a condenser constructed in accordance with 
the invention. Fig. 2 is a part vertical sec- 
tion of a modified form of such condenser. 


Serial No. 595,928, (No model) 


A designates a jar or receptacle partly or 
wholly of conducting material and provided 
with a closely-fitting cap or cover B, prefer- 
ably of insulating material. Within this re- 
ceptacle is a smaller jar or vessel C, of insu- 
lating material, containing a conducting-elec- 
trode D, supported by the cover B, through 
which passes a suitable terminal E, which 
may be incased in an insulating-plugP. The 
spaces within the jars orreceptacles are nearly 
filled with a conducting liquid F G, such as a, 
saline solution, the two bodies of such liquid 
in the inner and outer receptacles constitut- 
ing the eondenser-armatures. Above the 
conducting solution in each of the receptacles 
is poured a layer of oil L or other insulating 
liquid, which serves to prevent access of air 
to the highly-charged armatures. The ter- 
minals for the two armatures may be pro- 
vided in various ways, but in such forms of 
condenser as that illustrated I prefer to util- 
ize the conducting portion of the outer recep- 
tacle as one terminal, securing a binding-post 
to the same, as at H, and to employ an elec- 
trode D of suitably-extended surface im- 
mersed in the liquid of the inner receptacle 
and in electrical connection with the binding- 





post E. It is desirable in some cases to mod- 
ify the construction of the condenser, as when 
a larger capacity is required. In such in- 
stances, in order to secure the substantial 
benefits of the improvement above described, 
I construct the instrument as shown in Fig. 2. 
In this ease I employ a jar or receptacle А 
whiehis preferably used also as one terminal 
and filled with a conducting liquid, as before. 
Into the latter extends a series of connected 
conductors K, inclosed and fully insulated 
from the liquid by a coating of such material 
as gutta-percha R. These conductors are 
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electrically joined to a terminal E; which ex- ` 


tends up through the cover B, and constitute 
one of the armatures of the condenser. On 
the surface of. the electrolyte or conducting 
liquid is poured a quantity of oil L, for the 
purpose above stated. While I have illus- 
trated the invention in its preferred form for 
general practical purposes, it will be under- 
stood that without departure from the inven- 
tion its construction may be greatly varied 
and modified. 
What I claim is— . 
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1. In an electric condenser constructed or 
provided with means for the exclusion of air 
and gas, and an armature composed of acon- 
ducting liquid as herein set forth. 

2. A condenser comprising as armatures 
two bodies of conducting liquid electrically 
insulated and contained in a receptacle from 
which air and gas are excluded. 

3. A condenser comprising two bodies of 


zo conducting liquid electrically insulated and 


contained in a receptacle, and a seal of insu- 
lating liquid on the surfaces of the liquid, as 
set forth. 

In testimony whereof I have hereunto set 
my hand this 15th day of June, 1896. 


NIKOLA TESLA. 
Witnesses: 
DRURY W. COOPER, 
M. LAWSON DYER. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


APPARATUS FOR PRODUCING ELECTRIC CURRENTS OF HIGH FREQUENCY AND POTENTIAL. 


SPECIFICATION forming part of Letters Patent No. 568,176, dated September 22, 1896. 


Application filed April 22, 1896, 


To all whom it may concern: 

Beitknown that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
in Apparatus for the Production of Electric 
Currents of High Frequency and Potential, 
of which the foliowing is a specification, ref- 
erence being had to the drawings accompany- 
ing and forming a part of the same. 

The invention. which forms the subject of 
my present application is embodied in an im- 
provement on an electrical apparatus in- 
vented by me and described in prior Letters 
Patent, notably in United States Patents No. 
462,418, dated November 3, 1891, and No. 
454,622, dated June 23,1891. This apparatus 
was devised for the purpose of converting 
and supplying electrical enèrgy in a form 
suited for the production of certain novel 
electrical phenomena which require currents 
of higher frequency and potential than can 
readily or even possibly be developed by gen- 
erators of the ordinary types or by such me- 


chanical appliances as were theretofore 
known. The apparatus, as a whole, involves 


means for utilizing the intermittent or oscil- 
lating discharge of the accumulated electrical 
energy of a condenser or a circuit possess- 
ing capacity in what may be designated the 
“working” circuit, or that which contains the 
translating devices or those which are oper- 


‘ated by such currents. 


The object of my present improvements is 
to provide a simple, compact, and effective 
apparatus for producing these effects, but 
adapted more particularly for direct applica- 
tion to and use with existing circuits carry- 
ing direct currents, such as the ordinary mu- 
nieipal ineandescent-lighting circuits. The 
way in which I accomplish this, so as to meet 
the requirements of practical and economical 
operation under the conditions present, will 
be understood from a general description of 
the apparatus which I have devised. In any 
given circuit, which for present purposes may 
be considered as conveying direct currents 
or those of substantially the character of di- 
rect or continuous currents and which for 
general purposes of illustration may be as- 
sumed to be a branch or derived circuit across 
the mains from any ordinary source, I inter- 
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pose a device or devices in the nature of a 
choking-coil in order to give to the circuit a 
high self-induction. LIalso provide a circuit- 
controller of any proper character that may 
be operated to make and break said circuit. 
Around the break or point of interruption I 


place a condenser or condensers to store the- 


energy of the discharge-current, and in a lo- 
cal circuit and in series with such condenser 
I place the primary of a transformer, the sec- 
ondary of which then beeomes the source of 
the currents of high frequency. It will be 
apparent from a consideration of the condi- 
tions involved that were the cendenser to be 
directly charged by the current from ihe 
source and then discharged into the working 
circuita very large capacity would ordinarily 
be required, but by the above arrangement 
the current of high electromotive force which 
is induced at each break of the main cireuit 
furnishes the proper current for charging the 
condenser, which may therefore be small and 
inexpensive. Moreover, it will be observed 
that since the self-induction of the circuit 
through which the condenser discharges, as 
wellas the capacity of the condenser itself, 
may be given practically any desired value, 
the frequency of the discharge-current may 
be adjusted at will. 

The object sought in this invention may be 
realized by specifically different arrange- 
ments of apparatus, but in the drawings hereto 
annexed J have illustrated forms which are 
typical of the best and most practicable means 
for carrying out the invention of which I am 
at present aware. 

Figure 1 is a diagrammatic illustration of 
the apparatus, and Fig. 2 a modification of 
the same. . 

Referring to Fig. 1, A designatesany source 
of direct current. In any branch of the cir- 
cuit from said source, such, for example, as 
would be formed by the conductors A” A” 
from the mains A’ and the conductors K K, 
are placed self-induction or choking coils B 
В and a cireuit-controller О. This latter 
may be an ordinary metallic disk or eylinder 
with teeth or separated segments D D R E, of 
which one or more pairs, as E E, diametrically 
opposite, are integral or in electrical contact 
with the body of the cylinder, so that when 
the controller is in the position in which the 
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two brushes F F bear upon two of said seg- 
ments E E the circuit through the choking- 
coils B will beclosed. The segments D D are 
insulated, and while shown in the drawings 
as of substantially the same length of arc as 
the segments E E this latter relation may be 
varied at will to regulate the periods of charg- 
ing and discharging. 

The controller C is designed to be rotated 
by any proper device, such, for example, as 
an electromagnetic motor, as shown in Fig. 2, 
receiving current either from the main source 
or elsewhere. Around the controller C, orin 
general in parallel therewith, is a condenser 
IL and in series with the latter the primary 
K of a transformer, the secondary L of which 
constitutes the source of the currents of high 
frequency which may be applied to many 
useful purposes, as for electric illumination, 
the operation of Crooke’s tubes, or the pro- 
duction of high vacua. 

L’ indicates the circuit from the secondary, 
which may be regarded as the working circuit. 

A more convenient and simplified arrange- 
ment of the apparatus is shown in Fig. 9. In 
this case the small motor G; which drives the 
controller, has its field-coils in derivation to 
the main circuit, and the controller © and 
condenser H are in parallel in the field-cir- 
cuit between the two coils. In such case the 
field-coils M take the place of the choking- 
coils B. In this arrangement, and in fact 
generally, it is preferable to use two con- 
densers or a condenser in two parts and to 
arrange the primary coil of the transformer 
between them. The interruptions of the 
field-circuit of the motor should be so rapid 
as to permit only a partial demagnetization 
of thecores. These latter, however, should in 
this specific arrangement be laminated. 

The apparatus, as will now be seen, com- 
prises, as essential elements, choking-coils, a 
circuit - controller, means for rotating the 
same, a condenser, and a transformer. These 
elements may be mechanically associated in 
any convenient and compact form, but so far 
as their general arrangement and relations 
are concerned I prefer the relative disposi- 
tion illustrated, mainly because, by reason of 
their symmetrical arrangement in the cir- 
cuit, the liability of injury to theinsulation of 
any of the devices is reduced toa minimum. 

I do not mean to imply by the terms em- 
ployed in describing my improvements that 
I limit myself to the use of the precise de- 
vices commonly designated by such terms. 





Forinstance, the choking-coil as a distinctive 
device may be wholly dispensed with, pro- 
vided the circuit in which it must otherwise 
be placed have a sufficiently high self-induc- 
tion produced in other ways. So, too, the ne- 
eessity of a condenser, strictly speaking, is 
avoided when the circuit itself possesses suf- 
ficient capacity to accomplish the desired re- 
sult. 

Having now described my invention and 
the manner in which the same is or may be 
earried into practical effect, what I claim is— 

1. The apparatus herein described for con- 
verting direct currents into currents of high 
frequency, comprising in combination a cir- 
cuit of high self-induction, a circuit-control- 
ler adapted to make and break such circuit, 
a condenser into which the said circuit dis- 
charges when interrupted, and a transformer 
through the primary of which the condenser 
discharges as set forth. 

2. The combination of a source of direct 
current anda circuit therefrom, choking-coils 
in said circuit, means for making and break- 
ing the circuit through said coils, a condenser 
around the point of interruption in the said 
circuit and a transformer having its primary 
in cirenit with the condenser as set forth. 

é..The combination with a cirenit of high 
self-induetion and means for making and 
breaking the same, of a condenser around the 
point of interruption in the said circuit, and 
a transformer the primary of which is in the 
condenser-cireuit as described. 

4. The combination with a circuit of direct 
current and having a high self-induction, of 
a circuit-controller for making and breaking 
said circuit, a motor for driving the control- 
ler, a condenser in a circuit connected with 
the first around the point of interruption 
therein, and a transformer the primary of 
which is in circuit with the condenser as set 
forth. 

5. The combination with a circuit of direct 
current, a controller for making and break- 
ing the same, a motor having its field-mag- 
nets in said circuit and driving the said con- 
troller, a condenser connected with the cir- 
cuit avound the point of interruption therein 
and a transformer the primary of which is in 
circuit with the condenser as set forth. 


NIKOLA TESLA. 
Witnesses: 
EDWIN D. IIoPKINSON, 
M. LAWSON DYER. 
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UNITED STATES 


NIKOLA TESLA, OF 


PATENT OFFICE. 


NEW YORK, N. Y. 


APPARATUS FOR PRODUCING OZONE. 


, SPECIFICATION forming part of Letters Patent No. 568,177, dated September 22, 1896, . 


Application filed June 17, 1896, 


To all whom it may concern: . 

Be it known that I, Nixons TESLA, a citi- 
zeń of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Apparatus. for Producin g 
Ozone, of which-the following is a specifica- 
tion, reference being had to the drawings ac- 
companying and forming a part of the same. 

The invention subject of my present appli- 
cation has primarily as its object to provide 
a simple, cheap, and effective apparatus for: 
the produetion of ozone or such gases as are 
obtained by the action of high-tension elec- 
trical discharges, although in the application. 
to such purposes of the apparatus heretofore 
invented by me and designed for the produc- 
tion of electric currents of high frequency and 
potential I have made certain improvements 


usefulin other and more general applications 
ofthesame. Ihave heretofore shown and de- 
scribed, notably in Patents No. 462,418, dated 
November 3, 1891, and No. 454,622, dated 
June 23, 1891, an apparatus devised for the 
purpose of converting and supplying elec- 
trical energy in a form suited for the produe- 
tion of certain novel electrical phenomena 
which require currents of higher frequency 
and potential than can readily or even possi- 
bly be developed by generators of the ordi- 
nary types or by such mechanical appliances 
as were theretofore known. This apparatus 
involved means for utilizing the intermittent 
or oscillating discharge of the accumulated 


electrical energy of a condenser or a circuit | 


possessing capacity in what may be desig- 
nated. the “‘working” circuit. or that which 
contains the translating devices or means for 
utilizing such currents. In my present im- 
provement I have utilized appliances of this 
general character under conditions and in 
combination with certain instrumentalities, 
hereinafter described, which enable m e to pro- 
duce, without difficulty and at very slight ex- 
pense, ozone in.any desired quantities. I 
would state the apparatus which I have de- 
vised for this purpose is capable of other and 
highly important uses of a similar nature, 
but for purposes of the present case I deem 





it sufficient to describe its operation and ef- 
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fects when used for the 
ing ozone. 

In the accompanying drawings, illustrative 
of the principle of construction and mode of 
operation of my improvement, Figure 1 is a 
diagrammatic illustration of the invention: 
and Fig. 2/2 view, partly in side elevation 
and partly in section, of the apparatus as I 
construct it for practical use. 

The device hereinafter described is espe- 
cially designed for direct application to and 
use with existing circuits carrying direct cur- 
rents, such as the ordinary municipal inean- 
descent-lighting circuits. - Se 

Let A B designate the terminals from any 


purpose of generat- 


cuit I connect up an electromagnetic motor 
C in any of the usual ways. "That is to say, 
_the coils of the field and armature may be in 
series or derivation ‘or wholly independent, 
and either or both are connected up in the 
circuit. In the present instance one termi- 
nal, as B, is connected to one of the binding- 
posts, from which the circuit is led through 
one field-coil, D, the brushes and commutator 
E, the other field-eoil, F, and thence to a 
brush G, which rests upon acireuit-controller 
H, consisting in general of a conducting disk 
or cylinder with insulating-sections in its pe- 
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riphery. The other terminal, as-A, connocts - 


with a second brush K, bearing on tlie con- 
troller, so that the current which passes 


through and operates the motor is period- ` 


ically interrupted. For this reason the iron 
cores of the motor should be laminated. 
Around the controller is formed a circuit of 


85 


low self-induction, which includes a con-' 


denser Land the primary M of a transformer. 
The circuit. including the motor is of rela- 
tively high self-induction, and this property 
is imparted to it by the coils of the motor, or, 
when these are not sufficient, by the addition 
of suitable choking-coils, so that at each 
break of the motor-circuit a current of high 
electromotive force will be developed’ for 
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charging the condenser, which may therefore | 


be small and inexpensive. The condenser 
discharges through the circuit whith is com- 
pleted through the brushes G K and the con- 
troller H, and since the self-induction of this 
circuit, as well as the capacity of. the con- 
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denser itself, may be given praetieally any 
desired value the frequency of the discharge- 
current may be adjusted at will. The poten- 
tial of the high-frequency discharge-current 
is raised by a secondary coil N. in inductive 
relation to the primary M. The conductors 
of such secondary circuit are connected to 
two insulated conducting-plates P. P, and 
when the apparatus is in operation a dis- 
charge in the form of streams will be main- 
tained between such plates, as indicated by 
the wavy lines in the figures. If air be forced 
between the plates P ‘during this discharge, 
the effectiveness of the apparatus is increased. 
and ozone is generated in large quantities. 


In order to secure this result, I inclose the 
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said plates P P in a casing R of any proper 
description, through which a eurrent of air 
is maintained by t a fan S, mounted on the 
shaft of the motor. 

This apparatus may be constructed and 
combined in very compact form and small 
compass. Its operation involves but a small 
expenditure of energy, while it requires prac- 
tically no care or attention for the continued 
production of ozone in unlimited amount. 

What I claim as my invention is— 

1. The combination with a circuit of direct 
currents, of a controller for making and break- 


ing the same, a motor included in or connected: 


with said circuit so as to increase. its: self-in- 
duction, and driving the said controller, a 
condenser in a circuit around the controller, 
and a transformer through. the primary of 
which the condenser discharges, as set forth. 
. 9. The combination with a circuit of direct 
currents, of a controller for making and break- 


ing the same, a series-wound motor having’ 


its coils included in said circuit and driving 
the said controller, a condenser connected 
with the circuit around the point of interrup- 
tion therein, and a transformer, the primary 
of which is in. the discharge-circuit of the 
condenser, as set forth. . `. 

'8. Adevice for producing ozone comprising 


in combination, surfaces between which an- 


electrical discharge takes place, a transformer 
for producing the potential necessary forsuch 
discharge, a condenser in the primary circuit 


of the transformer, a charging-circuit, means 50 


for charging the condenser by such circuit 
and discharging it through the primary of 
the transformer, and a device for maintain- 


ing a current of air between the discharge- 


surfaces, as set forth. 

4, Adevice for producing ozone comprisin g 
in combination, surfaces between which an. 
electrical discharge takes place, a transformer 
for producing the potential necessary for such 


discharge, a condenser in the primary circuit 60. 


of the transformer, a charging-circuit, means 
for charging the condenser by such circuit 
and dischar: ging it through the primary of 
the transformer, a motor operated by the 


charging-circuit, and a device operated there- 6 5 


by for maintaining a current of air between - 
the discharge-surfaces, as set forth. 

5. A device for producing ozone comprising 
in combination, surfaces between which an 


electrical discharge takes place, atransformer 7o | 


for producing the potential necessary for such 
discharge, à condenser in the primary circuit 
of the transformer, a charging-cireuit, a cir- 
cuit-controller effecting the charging and dis- 


charging of the condenser, and a fan-motor 75 


connected with the charging-circuit and op- 
erating the circuit-controller and adapted to 
maintain a current of air between the dis- 
charge-surfaces, as set forth. 


6. “A device for producing ozone compr ising 80 


in combination, means for charging a con- 
denser, a circuit of low self-induction and re- 
sistance into which the condenser discharges, 
a coil for raising the potential of such dis- 


charge, and means for passing a current of 85 


air through the high- potential discharge, as 
set forth. : ' 


NIKOLA TESLA. 


Witnesses : 
^ DnURY W. COOPER, 
M. Lawson DYER. 
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UNITED- STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF REGULATING APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY. 


SPECIFICATION forming part of Letters Patent No, 568,178, dated September 22, 1896. 
Application filed June 20,1896, Serial No, 596,262. (No model.) 


Lo alt whom i$ moy concern: се 

Be it known that I, NIKOLA. TESLA, a citi- 
zen of the United States, residing at New 
York, in the county and State of New. York, 
have invented certain new and useful Im- 
provements in Methods of Regulating Appa- 
ratus for Producing Currents of High Fre- 
quency, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
companying and forming a part of the same. 

In previous patents and applications Ihave 
shown and described a method of and appa- 
ratus for generating electric currents of high 
frequency suitable for the production of va- 
rious novel phenomena, such as illumination 
by means of vacuum-tubes, the production 
of ozone, Roentgen shadows, and other pur- 
poses. The special apparatus of this ¢har- 
acter which I have devised for use with cir- 


cuits carrying currents in the nature of those. 


classed as direct, or such as are generally ob- 
tainable from the ordinary circuits used in 
municipal systems of incandescent lighting, 
is based upon the following principles: 

The energy of the direct-current supply is 
periodically directed into and stored in a cir- 
cuit of relatively high self-induction, and in 
such form is employed to charge a condenser 
or circuit of capacity, which, in turn, is 
caused to discharge through a circuit of low 
self-induction containing means whereby the 
intermittent current of discharge is raised to 
the potential necessary for producing any de- 
sired effect. 

Considering the conditions necessary for 
the attainment of these results, there will 
be found, as the essential elements of the 
system, the supply-circuit, from which the 
periodic impulses are obtained, and what 
may be regarded as the local circuits, com- 
prising the circuit of high self-induction for 
charging the condenser and the circuit of 
low self-induction into which the condenser 
discharges and which itself may constitute 
the working circuit, or that cotitaining the 
devices for utilizing the current, or may. be 
inductively related to a secondary circuit 
which eonstitutes the working circuit proper. 
These several circuits, it will be understood, 
may be more or less interconnected; but for 
purposes of illustration they may be regarded 
as practically distinct, with a cireuit-con- 





i 





troller for alternately connecting the con- 
denser with the circuit by which it is charged 
and with that into which it discharges, and 
with a primary of a transformer in the lat- 
ter circuit having its secondary in that which 
contains the devices operated by the current. 

To this system or combination the inven- 
tion, subject of my present application, per- 
tains, and has for its object to provide a 
proper and economical means of regulation 
therefor. 

It is well known that every electric circuit, 
provided its ohmic resistance does not exceed 
certain definite limits, has a period of vibra- 
tion of its own analogous tothe period of vi- 
bration of aweighted spring. In order to al- 
ternately charge a given circuit of this char- 
acter by periodic impulses impressed upon it 


‘and to discharge it most effectively, the fre- 


quency of theimpressed impulses should bear 
a definite relation to the frequency of vibra- 


‘tion possessed by the circuit itself. More- 


over, for like reasons the period or vibration 
of the discharge-circuit should bear a similar 
relation to the impressed impulses or the 
period of the charging-eireuit. When the 
conditions.are such that the general law of 
harmonie vibrations is followed; the circuits 
are said to be in resonance or in electromag- 
netic synchronism, and this condition I have 
found in my system to be highly advanta- 
geous. Hence in practice I adjust the elec- 
trical constants of the circuits so that in nor- 
mal operation this condition of resonance is 
approximately attained. Toaccomplish this, 
the number of impulses of current directed 
into the charging-circuit per unit time is 
made equal to the period of the charging-cir- 
euit itself, or, generally, to a harmonie there- 
of, and the same relations are maintained 
betweenthe charging and diseharge circuit. 
Any departure from this condition will re- 
sult in a decreased output, and. this fact I 
take advantage of in regulating such output 
by varying the frequencies of the impulses 
or vibrations in the several cireuits. 
Inasmuch as the period of any given cir- 
cuit depends upon the relations of its resist- 
ance,self-induction, and capacity, a variation 
of any one or more of these may result in a 
variation in its period. There are therefore 


various ways in which the frequencies of 
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vibration of the several circuits in the system 
referred to may be varied, but the most prac- 
ticable and efficient ways of accomplishing 
the desired result are the following: (a) vary- 
ing the rate of the impressed impulses of cur- 
rent, or those which are directed from the 
source of supply into the charging-circuit, as 
by varying the speed of the commutator or 
other cireuit-controller; (0) varying the self- 
induction of the charging-cireuit; (c) vary- 
ing the self-induetion or capacity of the dis- 
charge-cireuit. 

To regulate the output of a single circuit 
which has no vibration of its own by merely 

varying its period would evidently require, 

for any extended range of regulation, a very 
wide range of variation of period; but in the 
system described a very wide range of regu- 
lation of the output may be obtained by a 
very slight change of the frequency of one of 
the circuits when the above-mentioned rules 
are observed. 

In illustration of my invention I have 
shown by diagrams in the accompanying 
drawings some of the more practicable means 
for carrying out the same. The figures, as 
stated, are diagrammatic illustrations of the 
system in its typical form provided with reg- 
ulating devices of different specifie charac- 
ter. ‘These diagrams will be described in de- 
tail in their order. 

In each of the figures, A B designate the 
conductors of à supply-eireuit of continuous 
eurrent; C, a motor eonneeted therewith in 
any of the usual ways and driving a current- 
controller D, which serves to alternately close 
the supply -circuit through the motor or 
through a self-induction coil E and to con- 
neet such motor-eireuit with a condenser F, 
the cirenit of which contains a primary coil 
G, in proximity to which is a secondary coil 
TI, serving as the source of supply to the work- 
ing circuit, or thatin which are connected up 
the devices K K for utilizing the current. 

The circuit-controller, it may be stated, is 
any device which will permit of a periodic 
charging of the condenser I by the energy of 
the supply-circuit and its discharging into 
a circuit of low self-induetion supplying di- 
rectly or indirectly the translating devices. 
Inasmuch as the sourceof supply is generally 
of low potential, it is undesirable to charge 
the condenser directly therefrom, as a con- 
denser of large capacity will in such cases be 
required. I therefore employ a motor of high 
self-induction, orin place of or in addition to 
such motor a choking or self-induction coil 
E, to store up tlie energy of the supply-eur- 
rent directed into it and to deliver it in the 
form of a high-potential discharge when its 
circuit is interrupted and connected to the 
terminals of the condenser. 

In order to secure the greatest efficiency in 
a system of this kind, it is essential, as I have 
before stated, thatthe circuits, which, mainly 
as a matter of convenience, I have designated 
as the ‘‘charging” and the “discharge” cir- 





cuits, should be approximately in resonance 
or electromagnetic synchronism. Moreover, 
in order to obtain the greatest output froma 
given apparatus of this kind, it is desirable 
to maintain as high a frequency as possible. 

The electrical conditions, which are now 
well understood, having been adjusted to se- 
cure, as far as practical considerations will 
permit, these results, I effect the regulation 
of the system by adjusting its elements so as 
to depart in a greater or less degree from the 
above conditions with a corresponding varia- 
tion of output. For example, asin Figure 1, 
I may vary the speed of the motor, and con- 
sequently of the controller, in any suitable 
manner, as by means of a rheostat L in à 
shunt to such motor or by shifting the posi- 
tion of the brushes on the main commutator 
M of the motor or otherwise. <A very slight 
variation in this respect, by disturbing the 
relations between the rate of impressed im- 
pulses and the vibration of the cirenit of high 
self-induction into which they are directed, 
causes a marked departure from the condi- 
tion of resonance and a corresponding reduc- 
tion in the amount of energy delivered by the 
impressed impulses to the apparatus. 

A similar result may be secured by modi- 
fying any of the constants of the local circuits, 
as above indicated. For example, in Fig. 2 
the echoking-eoil E is shown as provided with 
an adjustable core N, by the movement of 
which into and out of the coil the self-induc- 
tion, and eonsequently the period of the cir- 
cuit containing such coil, may be varied. 

As an example of the way in which the dis- 
charge-cirenit, or that into which the con- 
denser discharges, may be modified to pro- 
duce the same result I have shown in Fig. 3 
an adjustable self-induction coil Rin the cir- 
cuit with the condenser, by the adjustment 
of which the period of vibration of such cir- 
cuit may be changed. 

The same result would be secured by vary- 
ing the capacity of the condenser; but if the 
condenser were of relatively large capacity 
this might be an objectionable plan, and a 
more practicable method is to employ a vari- 
able condenser in the secondary or working 
circuit, as shown in Fig. 4. As the potential 
in this circuit is raised to a high degree, a 
condenser of very small capacity may be em- 
ployed, and if the two circuits, primary and 
secondary, are very intimately and closely 
conneeted the variation of eapaeity in the 
secondary is similar in its effects to the vari- 
ation of the capacity of the condenser in the 
primary. TI have illustrated as a means well 
adapted for this purpose two metallie plates 
S S, adjustable to and from each other and 
constituting the two armatures of the con- 
denser. 

I have confined the description. herein to 
a source of supply of direct current, as to 
such the invention more particularly applies, 
but it will be understood that if the system 
be supplied by periodic impulses from any 
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source which will effect the same results the 
regulation of the system may be effected by 
the method herein described, and this my 
claims are intended to include. 

What I claim is— 

1. The method of regulating the energy de- 
livered by a system forthe produetion of high- 
frequency currents and comprising a supply- 
circuit, a condenser, a circuit through which 
the same discharges and means for control- 
ling the charging of the condenser by the sup- 
ply-circuit and the discharging of the same, 
the said method consisting in varying the re- 
lations of the frequencies of the impulses in 
the circuits comprising the system, ‘as set 
forth. 

2. The method of regulating the energy de- 
livered by a system for the production of high- 
frequency currents comprising a supply-cir- 
cuit of direct currents, a condenser adapted 
to be charged by the supply-circuit and to 





discharge through another circuit, the said 
method consisting in varying the frequency 
of the impulses of current from the supply- 
circuit, as set forth. 

3. The method of producing and regulating 
electric currents of high frequency which con- 
sists in directing impulses from a supply-cir- 
cuit into a charging-circuit of high self-in- 
duction, charging a condenser by the accu- 
mulated energy of such charging-circuit, dis- 
charging the condenser through a circuit of 
low self-induction, raising the potential of 
the condenser discharge and varying the re- 
lations of the frequencies of the electrical 
impulses in the said circuits, as herein set 
forth. 


NIKOLA TESLA. 


Witnesses: 
М. Lawson Dyer, 
DRURY W. COOPER. 
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To all whom it 1 may concern: 

Be itknown that I, NIKOLA TESLA, 8 citizen. 
of the United States, residing at New Yor k, 
in the county and State of New York, have ini- 
vented certain new and useful Improvements 
in Methods of and Apparatus for Prođucing 
Currents of High Frequency, of which the fol- 
lowing is a specification, reference being had 
to the drawings accompanying and forming 
a part of the same. 

The apparatus for producing electrical 
currents of very high frequency in which 
is embodied, the invention of my present 


application involves as its chief element- 


means for the periodic charging of a condenser 
or circuit possessing capacity by the energy 
of a given source and the discharge of the 
same through a circuit of low self-induction, 
whereby the rapid succession of impulses 
characteristic of a condenser discharge under 
such circumstances is made available for 
many practical and useful purposes. 

The general arrangement of circuits and 
apparatus which I prefer for ordinary appli- 
cations of this invention J have shown and de- 
scribed in an application filed by me April 22, 
1896, Serial No. 588,534, as comprising a local 
circuit of high self-induction connected with 
a source of supply, a condenser, a discharge- 
circuit of low self-induction, and a circuit- 
controller operating to alternately effect the 
charging of the condenser by the energy 
stored in the circuit of high self-induction 
and its discharge through that of low self- 
induction. I have shown, however, in the 
application referred to as the source of sup- 
ply a continuous - current generator, or in 
general a source of direct currents, and while 
the principle of operation and the general 
character of the apparatus remain the same 
whether the current of the source be direct 
or alternating, yet the economical utilization 
of the latter involves certain special principles 
and*appliances which it is my present object 
to illustrate as the basis for the claims of in- 
vention made herein. 

When the potential of the source periodic- 
ally rises and falls, whether with reversals 
or not is immaterial, it is essential to eco- 
nomieal operation that the intervals of inter- 
ruption of the charging-current should bear 
a definite time relation to the period of the 





(No model.) 


current, in order that the effective potential 
of the impulses charging the condenser may 
be as high as possible. I therefore provide, 
in ease an alternating or equivalent electro- 
motive force be employed as the source of 
supply, a circuit-controller which will inter- 


55 


‘rupt the charging-cireuit at instants prede- 


termined with reference to the variations of 6c 
potential therein. The most practicable 
means for accomplishing this of which I am 


aware is to employ a synchronous motor con- 


nected with the source of supply and operat- 


ing a circuit-controller which interrupts the 
charging-current at or about the instant of 
highest potential of each wave and permits 
the condenser to discharge the energy stored 
in it through its appropriate circuit. This 
apparatus, which may be considered as typi-. 
cal of the means employed for carrying out 
the invention, I have illustrated in the ac- 
companying drawings. 

The figures are diagrammatic illustrations 
of the system in slightly-modified forms, and 
will be described in detail in their order. 

Referring to Figure 1, A designates any 
source of alternating or equivalent current, 
from which lead off mains A’ A’. At any 
point where it is desired to produce the high- 80 


65 


75 


frequency currents a branch circuit Bis taken——_ 


off from the mains, and in order to raise the 
potential of the current a transformer is em- 
ployed, represented by the primary C and 
secondary D. The circuit of the secondary 
ineludes the energizing-coils of a synchro- 
nous motor E and a cireuit-controller, which, 
in the present instance, in Fig. 1 is shown as 
composed of a metal disk F with insulated 
segments F’ in its periphery and fixed to thè 
shaft of the motor. An insulating-arm G, 
stationary with respect to the motor- shaft 
and adjustable with reference to the poles of 
the fixed magnets, carries two brushes H H, 
which bear upon the periphery of the disk. 
With the parts thus arranged the secondary 
circuit is completed through the coils of the 
motor whenever the two brushes rest upon 
the tininsulated segments of the disk and in- 
terrupted through the motor at other times. 
Such a motor, if properly constructed, in well- 
understood ways, maintains very exact syn- 
chronism with the alterations of the source, 
and the arm G may therefore be adjusted to 
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interrupt the current at any determined point 
in its waves. It will be understood that by 
the proper relations of insulated and con- 
dueting segments and the motor-poles the 
current may be interrupted twice in each 
complete wave at or about the points of high- 
est potential. The self-induction of the cir- 
cuit containing the motor and controller 
should be high, and the motor itself will 
usually be constructed in such manner that 
no other self-induction device will be needed. 
‘The energy stored in this circuit is utilized 
at each break therein to charge a condenser 
Ix. With this object the terminals of the 
condenser are connected to the two brushes 
II If or to points of the circuit adjacent there- 
to, so that when the cireuit through the mo- 
tor is interrupted the terminals of the motor- 
circuit will be connected with the condenser, 
whereby the latter will receive the high-po- 
tential inductive discharge from the motor 
or secondary circuit. 

The condenser discharges into a cireuit of 
low self-induction, one terminal of which is 
connected directly to a condenser-terminal 
and the other to the brush H opposite to that 
connected with the other condenser-terminal, 
so that the discharge-circuit of the eondenser 
will be completed simultaneously with the 
motor-eireuit and interrupted while the mo- 
tor-cireuit is broken and the condenser being 
charged. 

The discharge-cirenit contains a primary 
M of a few turns, and this induces in a sec- 
ondary N impulses of high potential, which 
by reason of their great frequency are avail- 
able for the operation of vaeuum-tubes D, 
single terminal-lamps R, and other novel and 
useful purposes. 

It is obvious that the supply-current need 
not be alternating, provided it be converted 
or transformed into an alternating current 
before reaching the controller. For exainple, 
the present improvements are applicable to 
various forms of rotary transformers, as is 
illustrated in Figs. 2 and 3. 

E’ designates a continuous-current motor, 
here represented as having four field-poles 
wound with coils E” in shunt tothe armature. 
The line-wires B B connect with the brushes 
b b, bearing on the usual commutator. 

On an extension of the motor-shaft is a cir- 
cuit-controller com posed of acylinder thesur- 
face of which is divided into four conducting- 
segments c and four insulating-segments d, 
the former being diametrically connected in 
pairs, as shown in Fig. 3. 

Through the shaft run two insulated con- 
ductors e e from any two commutator-seg- 
ments ninety degrees apart,and these connect 
with the two pairs of segments c, respectively. 
With such arrangement itis evident that any 
two adjacent segments e c become the termi- 
nals of an alternating-current source, so that 
if two brushes II II be applied to the periphery 
of the cylinder they will take off current dur- 
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ing such portion of the wave as the width of 
segment and position of the brushes may do- 
termine. By adjusting the position of the 
brushes relatively to the cylinder, therefore, 
the alternating current delivered to the seg- 
ments c c may be interrupted at any point in 
its waves. 

While the brushes H II are on the conduct- 
ing-segments the current which they collect 
stores energy in a cireuit of high self-induo- 
tion formed by the wires f f, self-induction 
coils 8 S, the conductors B B, the brushes, 
and commutator. When thiscircuitis inter- 
rupted by the brushes H II passing onto the in- 
sulating-segments of the controller, the high- 
potential discharge of this circuit charges the 
condensers K K, which then discharge through 
the eireuit of low self-indnetion containing 
theprimary M. Thesecondary circuit N con- 
tains any devices, as P R,for utilizing the cur- 
rent. 

The mechanical construction of the circuit- 
controller may be greatly varied, and in other 
respects the details shown and described are 
merely given as typical illustrations of the 
nature and purpose of the invention. 

What I claim is— 

1. The method herein described of produe- 
ing electric currents of high frequency, which 
consists in generating an alternating current, 
charging a condenser thereby during deter- 
minate intervals of each wave of said current, 
and discharging the condenser through a cir- 
cuit of low self-induction, as herein set forth. 

2. The combination with a source of alter- 
nating current, a condenser, a circuit-control- 
ler adapted to direct the current during de- 
terminate intervals of each wave into the con- 
denser for charging the same, and a circuit of 
low self-induction into which the condenser 
discharges, as set forth. 

3. The combination with a source of alter- 
nating current,a synchronous motor operated 
thereby, a circuit-controller operated by the 
motor and adapted to interrupt the circuit 
through the motor at determinate points in 
each wave, a condenser connected with the 
motor-cireuit and adapted on the interruption 
of the same to receive the energy stored there- 
in, and a circuit into which the condenser dis- 
charges, as set forth. 

4, The combination with a source of alter- 
nating current, a charging-cireuit in which 
the energy of said current is stored, a cireuit- 
controler adapted to interrupt the charging- 
circuit at determinate points in each wave, a 
condenser for receiving, on the interruption 
of the charging-circuit, the energy accumu- 
lated therein,and a circuit into which the con- 
denser discharges when connected therewith 
by the cireuit-controller, as set forth. 


NIKOLA TESLA. 
Witnesses: 
M. LAWSON DYER, 
DrURY W. COOPER. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF: NEW YORK, N. Y. 


APPARATUS FOR PRODUCING ELECTRICAL CURRENTS OF HIGH FREQUENCY. 


SPECIFICATION forming part of Letters Patent No. 568,180, dated September 22, 1896. 
Application filed July 9, 1896, Serial No, 598,552, (No model) 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Apparatus for Producing Elec- 
trical Currents of High Frequency, of which 
the following is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same. 

This invention is an improvement in ap- 
paratus for producing electrical currents of 
high frequency in accordance with the gen- 
eral plan heretofore invented and. practiced 
by me and based upon the principle of charg- 
ing a condenser or circuit possessing capacity 
and discharging the same through a circuit 
of low self-induction, so that rapid electrical 
oscillations are obtained. To secure this re- 
sult, [employ some means for intermittently 
charging the condenser and for discharging 
16 through the circuit of low self-induction; 
and among the means which I have hereto- 
fore employed for this purpose was a me- 
chanical contact device which controlled both 
the charging and the discharge circuit in 
such manner that the condenser was alter- 
nately charged by the former and discharged 
into the latter. 

My present improvement consists in an ap- 
paratus for effecting the same result by the 


. use of acircuit-controller of special character 


in which the continuity of the paths for the 
current is established at intervals by the pas- 
sage of sparks across a dielectric. 


In carrying out my present improvement I. 


employ a circuit-controller containing two 
terminals or sets of terminals movable with 
respect to each other into and out of prox- 
imity, and I provide means whereby the in- 
tervals between the periods of close approxi- 
mation, during which the spark passes, may 
be adjusted so that when used in a systein 
supplied by a source of alternating current 
the periods of makeand break may be timed 
with reference to a phaseof the current wave 
or impulse. . ' 
Referring to the drawings, which illustrate 
in its preferred form the improvement above 
referred to, Figure 1 is a view, partly in ele- 
vation and partly in section, of a generator 





the circuit-controller mounted on its shaft. 
Fig. 2 is a section of the controller of Fig. 1 
on line æ æ of- said figure. - Fig. 3is a diagram 
illustrating the system or: appardtus as a 
whole. Figs. 4 and 5 are sectional views of 
a modified form of circuit-controller. 

A designates in Fig. 1 a generator having 
a commutator A’ and brushes A” bearing 
thereon, and also collecting-rings B B, from 
which an alternating current is taken by 
brushes B’ in the well-understood manner. 

The circuit-controller is mounted in part 
on an extension of the shaft C of the gener- 
ator, and in part on the frame of the same, 
or on a stationary sleeve surrounding the 
shaft. Its construction in detail is as follows: 
D isa metal plate with a central hub D’, which 
is keyed or clamped to the shaft.C. The plate 
is formed with segmental extensions corre- 
sponding in number to the waves of cur- 
rent which the generator. delivers. These 
segments. are preferably. cut away, leaving 
only rims or-frames, to one of the radial sides 
of which are secured bent metal plates E, 
which serve as vanes to maintain a circula- 
tion of air when the device is in operation. 
The segmental disk and vanes aré contained 
within a close insulated box or case F, mount- 
ed on the bearing of the generator, or in any 
other proper way, but so as to be capable of 
angular adjustment around. the shaft. To 
facilitate. such adjustment, a serew-rod Е', 
provided with a knob or handle, is shown as 
passing through the. wall of the box. The 
latter may be adjusted by this rod, and when 
in proper position may be held ‘therein by 
screwing the rod down into a depression in 
the sleeve or bearing, asshownin Tig.1. Air- 
passages G G are provided at opposite ends 
of the box, through which air is maintained 
in circulation by the action of the vanes. 
Through the sides of the box F and through 
insulating-gaskets IT, when the material of 
the box is not a sufficiently good insulator, 
extend metallic terminal plugs K. K, with 
their ends in the plane of the conducting 
segmental disk D and adjustable radially to- 
ward and from the edges of the segments. 
This or similar devices are employed to carry 
out the invention above referred to in the 
-manner illustrated in Fig. 8. A in this"figure 
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the potential of which is raised by a trans- 
former, of which c is the primary and b the 
secondary. The ends of the secondary cir- 
cuit § are connected to the terminal plugs K 
K of an apparatus similar to that of Figs. 1 
and 2 and having segments rotating in syn- 
chronism with the alternations of the current 
source, preferably, as above described, by 
being mounted on the shaft of the generator 
when the conditions so permit. The plugs 
K. K are then adjusted radially, so as to ap- 
proach more or less the path of the outer 
edges of the segmental disk, and so that dur- 
ing the passage of each segment in front of 
a plug a spark will pass between them, which 
completes the secondary eireuit S. The box 
or the support for the plugs K is adjusted an- 
gularly, so as to bring the plugs and segments 
into proximity at the desired instants with 
reference to any phase of the current-wave 
in the secondary circuit and fixed in posi- 
tion in any proper manner. To the plugs 
KK are also connected the terminals of a con- 
denser or condensers L, so that at the instant 
of the rupture of the secondary circuit S by 
the cessation of the sparks the energy accu- 
mulated in such circuit will rash into and 
charge the condenser. A path of low self- 
induction and resistance, includinga primary 
M of a few turns, is provided to receive the 
discharge of the condenser, when the circuit 
Sis again completed by the passage of sparks, 
the discharge being manifested as a succes- 
sion of extremely rapid impulses. The po- 
tential of these impulses may be raised by a 
secondary T, which constitutes the source of 
current for the working circuit or that con- 
taining the devices R for utilizing the current. 

By means of this apparatus effects of a 
noveland useful character are obtainable, but 
to still further increase the efficiency of the 
discharge or working current I have in some 
instances provided a means for further break- 
ing up the individual sparks themselves. <A 
device for this purpose is shown in Figs. 4 
and 5. The box or case F in these figures is 
fixedly secured to the frame or bearing of the 
generator or motor which rotates the circuit- 
controller in synchronism with the alternat- 
ingsource. Within said box is a disk D, fixed 
to the shaft C, with projections d' extending 





from its. edge parallel with the axis of the 
shaft. A similar disk D" on a spindle d, in 
face of the first, is mounted in a bearing in 
the end of the box F with a capability of ro- 
tary adjustment. The ends of the projec- 
tions d" are deeply serrated or several pins or 
narrow projections placed side by side, as 
shown in Fig. 4, so that as those of the oppo- 
site disks pass each other a rapid succession 
of sparks will pass from the projections of one 
disk to those of the other. 

What I claim as my invention is— 

1. The combination with a source of cur- 


rent, of a condenser adapted to be charged. 


thereby, a circuit into which the condenser 
discharges in a series of rapid impulses, and 
a circuit-controller for effecting the charging 
and discharge of said condenser, composed of 
conductors movable into and out of proximity 
with each other, whereby a spark may be 
maintained between them and the circuit 
closed thereby during determined intervals, 
as set forth. 

2. The combination with a source of alter- 
nating current, of a condenser adapted to be 
charged thereby, a circuit into which the con- 
denser discharges in a series of rapid im- 
pulses, and a circuit-controller for etfecting 
the charging and discharge of said condenser, 
composed of conductors movable into and out 
of proximity with each other in synchronism 
with the alternations of the source,as set forth, 

3. A circuit-controller for systems of the 
kind described, comprising in combination a 
pair of angularly-adjustable terminals and 
two or more rotating conductors mounted to 
pass in proximity to the said terminals, as 
set forth. 

4, A cireuit-controller for systems of the 
kind described, comprising in combination 
two sets of conductors, one capable of rota- 
tion and the other of angular adjustment 
whereby they may be brought into and out of 
proximity to each other,at determinate points, 
and one or both being subdivided so as to pre- 
sent a group of conducting-points,as set forth. 


NIKOLA TESLA. 
Witnesses: 
M. LAWSON DYER, 
DRURY W. COOPER. 
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 UwNrrED STATES 


NIKOLA TESLA, OF 


APPARATUS FOR PRODUCING ELECTR 


PATENT OFFICE. 


NEW YORK, N. Y. 


iC CURRENTS OF HIGH FREQUENCY, 


SPECIFICATION forming part of Letters Patent No. 577,670, dated February 93,1897. 


Application filled September 3, 1896. 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provementsin Apparatus for Producing ЕЈев- 
tric Currents of High Frequency, of which 
the following is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same. 

The apparatus for converting electric cur- 
rents of ordinary character into those of high 
frequency, which I have heretofore shown 
and described in applications for Letters 
Patent, has usually comprised a condenser 
and a circuit-controller operated by a suit- 
able motive device and acting to alternately 
charge the condenser from a suitable source 
of supply and discharge it through a circuit 
of such character as to render the discharge 
one of very high frequency. For many 
purposes it has been found advantageous 
to construct the circuit-controller with in- 
sulating and condueting segments of equal 
length, so that the condenser is connected 
with its discharge-circuit during one-half of 
the time only. It follows from this that the 
working circuit, or that in which the high- 
frequency currents are developed in form for 
practical application, receives such currents 
during only one-half the time. 

For certain purposes it is desirable for 
economical operation that there should be no 
cessation of the flow of such currents, and my 
present improvements have been devised with 
the object of increasing the output of a given 
apparatus by providing means by which, 
without material additions to or complication 
of such apparatus, high-frequency currents 
may be produced thereby continuously or 
without periods of. rest. 

Broadly stated, the improvement consists 
in the combination of two condensers with a 
circuit-controller of such character and so 
operated by a single motive device as to 
charge and discharge said condensers alter- 
nately, whereby one will be discharging while 
the other is being charged, and conversely. 

In the drawings hereto annexed, Figure 1 
is adiagrammatic ilustration of the arrange- 
ment and circuit connections of the inven- 
tion. Fig. 2 is a sectional view of a part of | 
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the commutator employed; and Fig. 3 isa 
diagram similar to that of Fig. 1, illustrative 
of a modified embodiment of the invention. 

Let A B designate the two conductors of 
any circuit from which the energy is derived 
that is to be converted into acurrent of high 
frequency. 

Cis a circuit controller or commutator, a 
portion only for convenience being shown in 
the figures. It is designed to be rotated by 
any suitable motive device, of which, how- 
ever, the shaft D only is shown, and its plan 
of construction is as follows: 

The letters c c' designate to metal heads 
or eastings with projeeting portions d d', 
which, when the two heads are brought to- 
gether and secured toa hub or shaft, inter- 
mesh, as shown in the drawings. 

The spaces between two adjacent projec- 
tions or bars d d'are equalin are to the width 
of one of said bars and are filled in with blocks 
e, preferably of metal, insulated from the other 
conducting portions of the device. By the 
interposition of mica or other suitable insu- 
lating material the two heads or castings c c 
are insulated from each other. Upon the pe- 
riphery of this commutator bear three brushes 
G G' H, the two former resting upon the con- 
tinuous metallic portions of the two heads, re- 
spectively, the latter being in position to bear 
upon the projections d d' and bloeks e alter- 
nately. 

In order that the brushes may be eapable 
of earrying any current which the operation 
of the apparatus may demand, they are made 
of large eross-seotion, the brush H being ap- 
proximately equal in width to one of the pro- 
jections or segments d d', or to the space be- 
tween adjacent segments, so that in passing 
from one it comes into contact with the next. 

The brush H is connected to the main B 
through a primary coil I< of low self-induc- 
tion in inductive relation to a secondary L, 
which constitutes the ultimate source of the 
current of high frequency which the appara- 
tus is designed to develop and which feeds a 
circuit containing vacuum-tubes M, single 
terminal lamps M’, or other suitable devices. 
The brushes G G’ are connected with the main 
B through condensers N N’, respectively, and 
to the main A through self-induction or chok- 
ing coils O 0’, these latter being used in order 
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that the inductive discharge of the aceumu- 
lated energy therein may be taken advantage 
of in charging the condensers. 

The operation of the apparatus thus de- 
scribed is as follows: By the rotation of the 
commutator C the brush H is caused to pass 
over the projections d, closing the circuits 
through the primary K and the two condens- 
ers alternately. These two circuits are soad- 
justed as to have the same capacity, self-in- 
duction, and resistance. When said brushis 
in electrical connection with any projection 
d' from the part c', the circuit is closed be- 
tween mains A and B through coil 0’, brush 
G', brush H, and eoil K. Energy is there- 
fore accumulated in the coil O’. At the same 
time the condenser N’ is short- circuited 
through the brash G', brush H, and coil K, 
and discharges through this circuit the en- 
ergy stored in it, the discharge being in the 
form of a series of impulses which induce 
in the secondary L corresponding impulses 
of high potential. When brush H breaks the 
circuit through coil O’, the high-potential dis- 
charge or * kick " from the latter rushes into 
and recharges the condenser N’, but as soon 
as the brush H has passed over the interven- 
ing block e and reached the next segment d 
it closes the circuit through coil O and short- 
circuits the condenser N, so that high-fre- 
quency currents from either one or the other 
of the two condensers are flowing through the 
primary KC practically without interruption. 
Thus without increasing the size or power of 
the motive device or complicating in any ma- 
terial degree the commutator these devices are 
made to perform double duty and the output 
of the apparatus as a whole greatly increased. 
In Fig. 3 [have illustrated a modified form of 
commutator for this apparatus, which com- 
prises a disk E, of metal, but insulated from 
its shaft. The periphery of this disk is di- 
vided into conducting and insulated segments 
by the insertion therein of insulated metal 
blocks f. The circumferential width of these 
blocks is three times that of the conducting- 
segments f’. A brush F bears upon a con- 
tinuous metallic portion of the disk or upon a 
continuous ringin electrical connection with 
the segments f' and is connected with one ter- 
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minalof the primary K. Brushes E" EF" bear 
upon the periphery of the disk E and are con- 
nected to the main B through the two con- 
densers, respectively. These brushes are ca- 
pable of angular adjustment, so that they may 
be set to bear upon the disk at any two de- 
sired points. 

From the explanation of the operation al- 
ready given itis evident that when the two 
brushes F’ F” are set so that one leaves a seg- 
ment f’ at the instant that the other comes 
in contact with a segment f' the effect in 
charging and discharging the condensers is 
the same as in the previous instance. The 
capability of varying the relations of the 
brushes, however, which this form possesses 
has the advantage of permitting not only an 
alternate charging and discharge of the con- 
densers, but their simultaneous charging and 
diseharge in multiple are, whereby the fre- 
quency of the current of discharge is reduced. 

It is also evident that all phase differences 
in the charging and discharging of the con- 
densers may in like manner be secured and 
the frequency varied within wide limits. Of 
course the same motor and eireuit-controller 
might be made to charge more than tivo con- 
densers in succession and to discharge them 
in the same order. 

What I claim is— 

1. The combination with a source of elec- 
tric energy, of a plurality of condensers and 
a discharge-circuit therefor, a motive device 
and a circuit-controller operated thereby and 
adapted to direct the energy of the source 
into the condensers and connect them with 
the discharge-circuit successively and in al- 
ternation, as set forth. 

2. The combination with a souree of olec- 
tric energy, of a motive device, two condens- 
ers, à eireuit-controller adapted. to direct the 
energy of the source alternately into the said 
condensers, and a discharge-cireuit through 
which, by the operation of said cireuit-con- 
troller one condenser discharges while the 
other is being charged, as set forth. 

NIKOLA TESLA. 

Witnesses: 

M. Lawson DYER, 
DRURY W. COOPER. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


MANUFACTURE OF ELECTRICAL CONDENSERS, COILS, &c. 


SPECIFICATION forming part of Letters Patent No. 577,071, dated February 23, 1897. 
Application filed November 5,1896, Serial No, 611,126, (No model) ` 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States,residing at New York, 
in the county and State of New York, have 
invented certain new and useful Improve- 
meats in the Manufacture of Electrical Con- 
densers, Coils, and Similar Devices, of which 
the following is a specification, reference be- 
ing had to the drawing which accompanies 
and forms a part of the same. 

My invention isan improvementin the man- 
ufacture of electrical condensers, coils, and 
other devices. of a similar character in which 
conductors designed to form paths for eur- 
rents of high potential are brought into close 
proximity with each other. Among such de- 
vices are included many forms of condensers, 
transformers, self-induction coils, rheostats, 
and the like. 

It has heretofore been shown by me that the 
efficiency and practicability of such devices 
are very greatly enhanced by the exclusion 
of air or gas from the dielectric separating 
the conductors or remote portions of the same 
conductor; and the object of my present im- 
provement is to secure such exclusion of air 
in as perfect a manner as possible in a con- 
venient and practicable way. To this end I 
place the condenser or other device to be 
treated in a receptacle from which the air 
may be more or less perfectly exhausted, and 
while in vacuum IJ introduce an insulating 
substance, which liquefies when subjected to 
heat, such as paraffin, which surrounds the 
said device and finds its way into its inter- 
stices. 

When the device has become thoroughly 
saturated with the insulating material, it is 
allowed to cool off usually until the material 
begins to solidify. Air is then admitted un- 
der pressure to the receptacle containing the 
device and the pressure maintained until the 
whole mass of insulating material has solidi- 
fied. By this treatment the presence of air 
or vacuous spaces in the dielectric, which are 
otherwise liable to form by the contraction 
of the insulating material when cooling, is 
prevented. 

Any plan may be followed orapparatus used 
for securing the two conditions necessary to 
the attainment of the desired result; that is 
to say, applying the fluid insulating material 








; in vacuum and subsequently subjecting it to 


or solidifying it under pressure. The degree 
of exhaustion or of pressure may vary, very 
good results being secured by a vacuum of 
about twenty-nine inches and a pressure of 
aboutone hundred pounds. Itmay bestated, 
however, that when hydraulic pressure is ap- 
plied very much higher pressures are readily 
secured and are of advantage. 

In order to facilitate the carrying out of the 
process, I have devised a simple and useful 
apparatus, which is illustrated partly in sec- 
tion in the accompanying drawing. As the 
parts of said apparatus are all of well-known 
construction, the apparatus as a whole will 
be fully understood without a full deserip- 
tion of its details. 

A is a tank or receptacle that may be closed 
air-tight. Within this tank is a steam-coil 
C, surrounding a vessel B, preferably with 
slightly-sloping sides and provided with a 
tube or pipe D, opening into it near its base. 

The condenser or other device to be treated 
is placed in the vessel B, and around the re- 
ceptaele is packed a suitable insulating ma- 
terial in quantity sufficient when liquefied by 
heat to flow through the pipe D into the ves- 
sel B and fill the space in the latter up to the 
top of the condenser or other device placed 
therein. 

It is desirable to run into the pipe D enough 
melted material to fill i$ before using the ap- 
paratus and to make the pipe of a poor heat- 
conducting material, so that a little time will 
elapse after the heat is applied to melt the 
material in the tank A before the flow through 
the pipe begins. 

When the apparatus has been thus pre- 
pared, the air from the interior of the tank A 
is withdrawn as completely as practicable by 
an air-pump Eand steam is passed through the 
coil C. In order to prevent access of any of 
the volatile constituents of the insulating ma- 
terial to the pump, a condenser F, with acool- 
ing-coil G, is interposed in the piping between 
the tank andpump.  Aftera partial vacuum 
has been secured in the tank A and the lique- 
fied insulating material has been run into the 
vessel D the pump may be stopped and the 
tank connected with a receiver H, from which 
the air has been exhausted, and the appara- 
tus allowed to stand until all the interstices 
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of the condenser have been permeated with 
the insulating material. The steam is then 
shut off and cold water passed through the 
coil C. The connections with the pump are 
then reversed and air is forced into the tank 
and receiver H and the further cooling and 
solidification of the insulating material car- 
ried on under a pressure considerably greater 
than that of the atmosphere. After the in- 
sulating material has cooled and solidified 
the condenser or other device, with the adher- 
ing mass of insulating material, is removed 
from the receptacle and the superfluous in- 
sulating material taken off. 

[have found that condensers, transformers, 
and similar apparatus treated by this proc- 
ess are of very superior quality and espe- 
eially suited for circuits which convey cur- 
rents of high frequency and potential. 

Iam aware that conductors covered with a 
moreorless porous material have been treated 
by plaeing them in a elosed receptacle, ex- 
hausting the air from the receptacle, then in- 
troducing a fluid insulating compound and 
subjecting the same to pressure, for the pur- 
pose of more perfectly incorporating the in- 
sulating compound with the surrounding 
coating or covering of the conductors and 
causing such compound to enter the inter- 
stices in said covering, and I apply this prin- 
ciple of exhausting the air and introducing 
the fluid insulating compound under pres- 
sure in carrying out my improvement. My 





process, however, differs from the foregoing 
mainly in this, that I seek not only to fill the 
pores of any porous material that may be in- 
terposed between the conductors of such a 
device as a condenser or coil, but to fill wp 
all the spaces in the dielectric, whereby air or 
vacuous spaces, the presence of which in the 
dielectric is so deleterious to the device, may 
be effectually prevented. Tothis end I per- 
mit the insulating compound after its ineor- 
poration with the device, under exhaustion 
and pressure, to cool and solidify, so that not 
only is the air replaced by a solid insulating 
compound, but the formation of vacuous 
spaces by the contraction of the mass on eool- 
ing prevented. 

What I claim is— 

The improvement in the manufacture of 
electrical devices such as condensers, which 
consists in inclosing the device in an air-tight 
receptacle, exhausting the air from the re- 
ceptacle, introducing into a vessel containing 
the device an insulating material rendered 
fluid by heat, and then when said material 
has permeated the interstices of the said de- 
vice, subjecting the whole to pressure, and 
maintaining such pressure until the material 
has cooled and solidified, as set forth. 


NIKOLA TESLA. 
Witnesses: 


M. LAMSON DYER, 
PARKER W. PAGE. 
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Tu uad acit ¿£ таң concerti о 
Be itknown that L NIKOLA TESLA, a citi- 
zen ofthe Unitedstates,residingat New York, 
in the county and State of New York, have in- 
vented certain new and useful Inprovements 
in Apparatus for Producing Currents of High 
Frequency, of which the following is specifi- 
ention, reference being had to the drawings 
accompanying and forming a part; of the 
samo. (o ooo rg E атан 
The invention upon 


ratus for the conversion, of electrical currents 
of ordinary character—such, for instance, as 


are obtainable from the mains of municipal 
electric light and power. systems and either’ 


continuous or -alternating—into‘eurrents of 


very high frequency and potential, > 

The improvement is applicable genera 
apparatus of the kind heretofore invented, by 
me andanore particularly described in United 
States Letters Patent granted to me oti Sep- 
tember 22, 1896, No. 569,176; but in the de- 
seription of. the invention which follows the 
illustration is eentined toa form of apparatus 
designed for eonverting a continuous or di- 
reet current into one of high frequency. Iu 
the several forms of apparatus for this pur- 
pose which T have devised and heretofore de- 
seribed fhave employed a cireuit of high self- 
induction connected. with the mains from a 
suitable source of eurrent and’ containing 
some form o£ éireuit-eontroller for periodie: 
ally interrupting it. "Around the break or 
point of interruption I have arranged a con- 
denser, into which the circuit discharges when 
interrupted, and this condenser is in turn 





made to discharge through a circuit contain-` 


ing the primary of a transformer, and of such 
character. that the condenser-discharge will 
be in the form of an extremely rapid succes- 
sion of impulses. . 

Now in order to secure in an apparatus of 
this kind as high frequency as possible and 
the advantages resulting therefrom I subdi- 
vide tlie eondenser necessary for storing the 
energy required into integral parts ov provide 
independent condensers, and employ means 
for charging said condensers in mul€iple and 


> discharging them in series Through tbe pri- 
To secure this re- 


marv of (he transformer. 
subi without anduly eemplicating the appa- 


which iny present ap- 
plication is based is an improvement in appa- 


Пу (07 


"T Referringto ЕЛ А 15: 


ratus is. & matter of; very considerable diffi- 
culty, bat Ihave accomplished it by. means 


of the apparatus which Ishall now proceed 


to deseribe by reference to the drawings. 


55 


Figüre lisa side elevation of the appara- - 


of the circuit connections. 


tus whieh IT employ; and Fig. 2 is a diagram 


box. or ease con- 
taining the condensers, of which the termi- 


‘nals area ab.b, respéctively. On this case 


is mounted a smalleleetromagnetie motor B, 


Әу thé shaft of which is operated the cireuit- 


controller C.: Upon the said controller bear 
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65 


brushes, as.shown àt D D' D' D'". Un 


.F.F are self-induetion coils Placed beside 
‘the motor.) Above these is the transformer, 
composed; essentially, of a primary Gand a 
secondary H These devices arce intended to 


be inelosed ina suitable box or case, and may 
be very greatly modified-in cvnstruction and 
relativearrangement. Thécireuit-controller, 
however, should -eonform in. general prinei- 


ple of coustrnetion to that. hereinafter de- 


Seribed in so far as may be necessary to se- 


. eure the operation pointed- out. 


Referring now to Fig. 2, L-L designate the 


mains from a suitable source of supply, be- 


tween which a circuit is formed, including 
the self-induction coils F F and the eircuit- 
controller C. A switeh d may be employed 
to bring either or both of tlie coils I? F into 
this circuit, as may be desired. 

The circuit-controller is: built upof insu- 
lated plates or segments, upon which the posi- 
tive and negative brushes bear, ane -these 


plates may be considered as belonging to three. 


sets or classes, first, the plates m for what 
may be considered as the positive brushes. 
D D'in one row, electrically. connected to- 
gether, and the corresponding plates 2 for 
what may similarly be considered as tho neg- 
alive brushes E E' in the other row; second, 
the plates ù, which licin both rows, and hence 
are conveniently made in single pieces ex- 
tending across the controller, and, third, the 
idle or spacing plates p, which are interposed 
in cach row between the other twosets. The 
angle between adjacent plates of the same 
sel is egual to the angle of displacement be- 
tween adjacent. brushes of the same sign, and 
obviously there may be two or more of each, 
‘Che brush D of one set is connected with one 
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main through the coils F, and each one of the} The advantages resulting fiom the subdi- 
brushes of the same, set is connected to one | vision of the condenser or the employment of 


of the terminals of the condensers. M N, re- |a plurality of condensers are mainly that a 


‹ primary or strands of a-primary G.: In the |a. great.saying im wire in the secondary ef. 
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speetively. Similarly the brush E of the other high frequency. is obtainable in apparatus of 
set of .brushes is connected to: the opposite | any size; that the current of discharge through 
main and' each of the brushes. of said set to | the’ sliding contaets.is greatly reduced and 
the opposite condenser terminals through the | injury to. such contacts thereby avoided and 


diagram, Fig. 9, һауе; Shown buttwo brushes |. fected. | 
in each веб and two: condensers, but more. What T claim i is— 
than this number may be used, the same рап 1:21: In an apparatus of the kind deséribed, 
of conneetionsshown ‘and descr ibed being foi- the: combination with a set of contacts, one 
lowed out. 7...| of.whieh is adapted for connection with one 
< Inthe: position of. the parts ‘shown i in | Fist iof the mains from. a source of current, and 
2, in which two positive e and two negativ ve. “each of. which is connected to one of the ter- 
brushes are shown, the brushes are bearing | ininals of av series of. condensers, and. a. sec- 
on plates ii 9 and 1.1. -Cqnsequently. the čir- Lond set oft contacts similarly connected to the 
cuit through tlie coils.F.F is through the,eon- opposite main and condenser terminals, re- 
densers in "multiple, and, assuming that: spectively, of: electrically- connected plates or 
ergy has been:stofed in “said coils, the cón- segments upon which the contacts of the first 
densers will.thus be charg reset: bear; ;sinilarly-eonnected plates. upon 
movement of the cont ойе lates or brushes. ¿whieh ihe. contacts of the second set bear, 
the latter are'shifted across the idle orispac- |j and. ated: plates eomnron to the two se {з 


|- 
| 

































‘ing plates p onto the long or cross-connected. of contacts, the said plates being arranged in 


plates o two results follow: The mains. are the. manner described, whereby the condens- 
short-circuited through the coils F F, which | ers. will be: alternately charged in multiple 
therefore store energy, w hile ihe condénsers and discharged. in series, as Set forth. 

are connected in series through the primary. | - 2. In/an apparatus of the kind described, 
coil or coils G. These actions are. repeated the combination withaset of positive brushes, 
by the further. movement. of the controller, опе о which is adapted for connection with 
the condensers being charged in parallel when ‘one of. the mains from a source of current, 
the brushes are on plates m n and discharged | and eaeh of whieh is eonneeted to one of the 


in series when the brushes pass onto plates 0; terminals of-a series of condensers, anq nega- 
The; motor may be run by an independent | tive brushes similarly connected to the oppo- 
35. 


source or by current derived from the. mains, | site main and condenser terminals, respec- 

aud the apparatus, inay be employed to sup- | tively, of a eylinder composed of electrically- 

ply current for any suitable devices 8 T, con- | connected segments upou which the positive 

nected with the secondary coil IL, brushes only bear, similarly-connected seg- 
As stated above, the specific construction | ments upon which the negative brushes only 

of the cireuit-controller may be very greatly | bear, and isolated plates upon which both 

varied without departure from the invention. | sets of brushes simultaneously bear, the said 

In the drawings the plates are assumed to be | plates being arranged in the manner de- 

associated in the form of a cylinder which | scribed, whereby the condensers will be alter- 

revolves with respect to brushes bearing on nately charged in multiple and discharged in 

its periphery; but it will be understood that | series, as set. forth. . 

this is merely a typical illustration of any aa Mum ркы 

form of terminals ar contacts and-eonduc- | - NIKOLA TESLA. 

tors, whether rotary or reciprocating, which | 

constitute a circuit: controller capable of ef- | 

fecting the same result, ! 


Witnesses: 
M. LAWSON. DYER 
Drery W. Cooper 1. 
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UNITED STATES 


PATENT OFFICE, 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRICAL TRANSFORMER. 


SPECIFICATION forming part of Letters Patent No. 593,138, dated November 2, 1897. 


Application fled March 20,1897, Serial No, 628,453, 


To all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New 
York, in the county and State of Now York, 
have invented eertain new and useful Im- 
provements in Electrical Transformers, of 
which the following is a specification, refer- 
ence being had to the drawings accompany- 
ing and forming a part of the same. 

The present application is based upon an 
apparatus which [have devised and employed 
for the purpose of developing electrical cur- 
rents of high potential, which transformers 
or indluction-coils constructed on the princi- 
ples heretofore followed in the manufacture 
of such instruments are wholly incapable of 
producing or practically utilizing, at least 
without serious liability of the destruction of 
the apparatus itself and danger to persons 
approaching or handling it. 

The improvement involves a novel form of 
transformer or induction-coil and a system 
for the transmission of electrical energy by 
means of the same in which the energy of the 
source is raised to a much higher potential 
for transmission over the line than has ever 
been practically employed heretofore, and the 
apparatus is constructed with reference to the 
production of such a potential and so as to 
be not only free from the danger of injury 
from the destruction of insulation, but safe 
to handle. To this end I construct an induc- 
tion-coil or transformer in which the primary 
and secondary coils are wound or arranged 
in such manner that the convolutions of the 
conductor of the latter will be farther removed 
from the primary as the liability of injury 
from the effects of potential increases, the 
terminal or point of highest potential being 
the most remote, and so that between adja- 
cent convolutions there shall be the least pos- 
sible difference of potential. 

The type of coil in which the last-named 
features are present is the flat spiral, and this 
form I generally employ, winding the primary 
on the outside of the secondary and taking 
off the current from the latter at the center 
orinner end of thespiral. Imay depart from 
or vary this form, however, in the particulars 
hereinafter specified. 

In constructing my improved transformers 
I employ a length of secondary which is ap- 


(No model.) 


proximately one-quarter of the wave length 
of the electrical disturbance in the cireuit in- 
cluding the secondary coil, based on the ve- 
locity of propagation of electrical disturb- 
ances through such circuit, or, in general, of 
such length that the potential at the terminal 
of the secondary which is the more remote 
from the primary shall be at its maximum. 
In using these coils I connect one end of the 
secondary, or that in proximity to the pri- 
mary,to earth, and in orderto more effectually 
provide against injury to persons or to the 
apparatus I also connect it with the primary. 

In the accompanying drawings, Figure lisa 
diagram illustrating the plan of winding and 
connection which I employ in constructing 
my improved coils and the manner of using 
them for the transmission of energy over long 
distances. Fig. 2is aside elevation, and Fig. 
3 a side elevation and part section, of modi- 
fied forms of induction-coil made in accord- 
ance with my invention.. 

A designates a core, which may be magnetic 
when so desired. 

B is the secondary eoil, wound upon said 
core in generally spiral form. 

Cis the primary, which is wound around 
in proximity to thesecondary. One terminal 
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of the latter will be at the center of the spiral - 


coil, and from this the current is taken to 
line or for other purposes. The other termi- 
nal of the secondary is connected to earth 
and preferably also to the primary. 

When two coils are used in a transmission 
system in which the currents are raised to a 
high potential and then reconverted toalower 
potential, the receiving-transformer will be 
constructed and connected in the same man- 
ner as the first—that is to say, the inner or cen- 
ter end of what corresponds to the secondary 
of the first will be connected to line and the 
other end to earth and to the local circuit or 
that which corresponds to the primary of the 
first. In such case also the line-wire should 
be supported in such manner as to avoid loss 
by the current jamping from line to objects 
in its vicinity and in contact with earth—as, 
for example, by means of long insulators, 
mounted, preferably, on metal poles, so that 
in case of leakage from the line it will pass 
harmlessly to earth. . In Fig. 1, where such 


a system is illustrated, a dynamo G is con- 
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veniently represented as supplying tho pri- 
mary of the sending or ‘‘step-up” trans- 
former, and lamps H and motors K are shown 
as connected with the corresponding circuit 
of the receiving or ‘‘ step-down” transformer. 

Instead of winding the coils in the form of 
a flat spiral the secondary may be wound on 
a support in the shape of afrustum of a cone 
and the primary wound around its base, as 
shown in Fig. 2. 

In practice for apparatus designed for or- 
dinary usage the coilis preferably constructed 
on the plan illustrated in Vig. 3. In this fig- 
ure L Lare spools of insulating material upon 
which the secondary is wound—in the present 
case, however, in two sections, so as to con- 
stitute really two secondaries. The primary 
C is à spirally-wound flat strip surrounding 
both secondaries B. 

The inner terminals of the secondaries are 
led out through tubes of insulating material 
M, while the other or outside terminals are 
connected with the primary. 

The length of the secondary coil B or of 
each secondary coil when two are used, as in 
Fig. 3, is, as before stated, approximately one- 
quarter of the wave length of the electrical 
disturbance in the secondary circuit, based 
on the velocity of propagation of the elec- 
trical disturbance through the coil itself and 
the circuit with which it is designed to be 
used—that is to say, if the rate at which a 
current traverses the circuit, including the 
coil, be one hundred and eighty-five thousand 
miles per second, then a frequency of nine 
hundred and twenty-five per second would 
maintain nine hundred and twenty-five sta- 
tionary waves in a circuit one hundred and 
eighty-five thousand miles long, and each 
wave length would be two hundred miles in 
length. Forsuch a frequency I should usca 
secondary fifty miles in length, so that at one 
terminal the potential would be zero and at 
the other maximum. 

Coils of thecharacterherein deseribed have 
several important advantages. As the po- 
tential increases with the number of turns 
the difference of potential between adjacent 
turnsis comparatively small, and hence a very 
high potential, impracticable with ordinary 
coils, may be successfully maintained. 
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As the secondary is electrically connected 
with the primary the latter will be at sub- 
stantially the same potential as the adjacent 
portions of the secondary, so that there will 
be no tendency for sparks to jump from one 
to the other and destroy the insulation. 
Moreover, as both primary and secondary are 
grounded and the line-terminal of the coil 
carried and protected to a point remote from 
the apparatus the danger of a discharge 
through the body of a person handling orap- 
proaching the apparatus is reduced to a mini- 
mum, 

lam aware that an induction-coil in the 
form of a flat spiral is not in itself new, and 
this I do not claim; but 

What I claim as my invention is— 

1. A transformer for developing or conyert- 
ing currents of high potential, comprising a 
primary and secondary eoil, one terminal of 
the secondary being electrically connected 
with the primary, and with earth when the 
transformer is in use, as set forth. 

2. Atransformer for developing or convert- 
ing currents of high potential, comprising a 
primary and secondary wound in the form of 
a flat spiral, the end of the secondary adja- 
cent to the primary being electrically con- 
nected therewith and with earth when the 
transformer is in use, as set forth. 

8. Átransformerfor developing orconvort- 
ing eurrents of high potential comprising a 
primary and secondary wound in the form of 
& Spiral, the seeondary being inside of, and 
surrounded by, the convolutions of the pri- 
mary and having its adjacent terminal clec- 
trically connected therewith and with earth 
when the transformer is in use, as set forth. 

4. Inasystem for the conversion and trans- 
mission of electrical energy, the combination 
of two transformers, one for raising, the other 
for lowering, the potential of the currents, 
the said transformers having one terminal of 
the longer or fine-wire coils connected to line, 
and the other terminals adjacent to the 
shorter coils electrically connected therewith 


_and to the earth, as set forth. 


NIKOLA TESLA. 
Witnesses: 
M. LAWSON DYER, 
G. W. MARTLING. 
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UNITED. STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N.’Y. 


ELECTRICAL-CIRCUIT CONTROLLER. 


SPECIFICATION forming part of Letters Patent No, 609,245, dated August 16, 1898. 
Application filed December 2, 1897. Serial No. 660,518. (No modelo . 


To all whom it may concern: 

Be it known that I, NIKOLA 'TESLA, resid- 
ing at New York, in the county and State of 
New York, have invented certain new and 
useful Improvements in Electrical- Circuit 
Controllers, of which the following is a speci- 
fication, reference being had to the drawings 
accompanying and forming apart of the same. 

In every form of electrical apparatus in- 
volving a means for making and breaking, 
more or less abruptly, a circuit a waste of en- 
ergy occurs during the periods of make or 
break, or both, due to the passage of the cur- 
rent through an are formed between the re- 
ceding or approaching terminals or contacts, 
or, more generally, through a path of high re- 
sistance. Thetendency of the current to per- 
sist after the actual disjunction or to precede 
the conjunction of the terminals exists in 
varying degrees in different forms of appa- 


ratus, according to the special conditions: 


present. l'or example, in the case of an or- 
dinary indugtion-coil the tendency to the 
formation of an arc at the break is, as a rule, 
the greater, while in. certain forms of appa- 
ratus I haveinvented in which the discharge 
of a condenser is utilized this tendency is 
greatest at the instant immediately preced- 
ing the conjunction of the contacts of the cir- 
cuit-controller which effects the discharge of 
the condenser. . : 

'. Theloss of energy occasioned by the causes 
mentioned may be.very considerable and is 
generally such as to greatly restrict the use of 


the cireuit-controller and render impossible a. 


practical and economical conversion of con- 
siderable amounts of electrical energy. by its 
means, particularly in cases in which a high 
frequency of the makes and breaks is re- 
quired, 

Extended experiment and. investigation 
conducted with the aim of. discovering a 
means for avoiding the loss incident to the 
use of ordinary forms of circuit-controllers 
have led me to recognize certain laws govern- 
ing the waste of energy and making it de- 
pendent chiefly. on. the velocity with which 
the terminals approach and.recede from one 
another and also more or less on the form. of 
the eurrent-wave. Briefly stated; from both 
theoretical considerations and practical ex- 
periment it appears that the loss of energy 


in any device for making and breaking a cir- 
cuit, other conditions being the same, is in- 
versely proportional rather to the square than 
to the first power of the speed or relative ve- 
locity of the terminals in approaching and re- 
ceding from one another in an instance in 
which the current-curve is not so steep as to 
materially depart from one which may be 
represented by a sine function of the time; 


60 


but such a case seldom obtains in practice. - 


On the contrary, the eurrent-eurve resulting 
from a make and break is generally very 
steep and particularly so when, asin my sys- 
tem, the circuit-controller effects the charg- 
ing and discharging of a condenser, and con- 
sequently the loss of energy is still more 


rapidly reduced by increased velocity of ap-. 


proach and separation. The demonstration 
of these facts and the recognition of the im- 
possibility of attaining the desired results by 
using ordinary forms of circuit-controllers 
led me toinvent new and essentially different 
means for making and breaking a cirenit in 
which I have utilized a conducting fluid, such 
as mercury, as the material for one or both of 
the terminals and devised novel means for 
effecting a rapidly-intermittent contact be- 
tween the fluid and a conductor or series of 
conductors forming the other terminal. 
With a view, however, to securing a more 
practical and efficient. circuit - controller in 
which not only the relative speed of the ter- 
minals but also the frequency of the makes 
and breaks should be very high I devised the 
the form of instrument described in an appli- 
cation filed by me June 3, 1897, Serial No. 
639,227, in which a receptacle is-rotated to 
impart a rapid movement to a body of con- 
ducting fluid contained therein, which is 
brought in rapidly-intermittent contact with 
a conductor having peripheral projections 
extending into the fluid, the movement of the 
latter being conveniently utilized. to rotate 
the conductor. Such a device, though meet- 
ing fully many requirements. in practice, is 
nevertheless subject to certain limitations in 
the matter of attaining a high relative speed 
of approach and: separation of the terminals, 
since the path of movement of the conduct- 
ing projections is not directly away from and 
toward the fluid, but more or less tangential 
to the surface of the latter, the velocity of 
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approach and separation being of course the 
smaller the greater the diameter of the ro- 
tated conductor or terminal. 

With the object of securing a greater rela- 
tivespeed of the terminals and a consequently 
more efficient form: of circuit-controller of 
this type I devised the modified form of ap- 
paratus which constitutes the subject of my 
present application. 

In this apparatus one of the members or 
terminalsisa conducting fluid which is caused 
to issue from an orifice against a series of 
spaced conductors in rapid succession. For 
this purpose the series of conductors, or it 


may bea single conductor, is moved trans- 


versely through the stream or jet of fluid, or 
the jet is moved so as to impinge upon the 
conductors, or both jet and conductors are 


‘moved. This is preferably accomplished by 
mounting the conductors and the tube or duct 
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from which the fluid issues concentrically and 


revolving one or both. 


The chief feature of novelty which distin- 
guishes the apparatus and in which my im- 
provement resides is the plan adopted for 
maintaining the stream or jet of conduct- 
ing fluid. This consists in utilizing the same 
power that actuates or drives the circuit-con- 
troller in effecting the necessary relative 
movement of its terminals to maintain the 
proper circulation of the conducting. fluid 
by combining the two mechanisms (the con- 
troller and the means for maintaining a cir- 
culation of the conducting fluid) in one. This 
feature is of great practical advantage and 
may be effectedin many ways. <A typical ar- 
rangement for this purpose is to provide a 
tube or duct having an orifice at one end di- 
rected toward the spaced conductors and its 
other end in a position to take up a portion 
of the rapidly - rotating body of conducting 
fluid, divert it through the duct, and discharge 
it against the conductors. With this object 
when a closed receptacle is used a holder for 
the tube isemployed, mounted within the re- 
ceptacle and concentrically therewith, and 
this holder, when the receptacle is revolved, 
is held or influenced by any suitable means, 
as by magnetic attraction exerted from the 
outside or otherwise, in such manner as to 
keep it either in a fixed position or impress 
upon it a velocity different from that of the 


` rotated fluid. 


Such other improvements in details as I 
have devised and applied to the construction 
and operation of my improved circuit-con- 
troler will be more fully hereinafter de- 
scribed; but from the above general statement 
of the nature of the device it will be observed 
that by means of the same the velocity of 
relative movement of the two parts or ele- 
ments may be enormously increased and the 
duration of the arc or discharge between them 
at the periods of make and break thereby 
greatly reduced without material increase in 
the power required to effect it and without 








| 


609,245 


impairing the quality of contact or deterio- 
rating the terminals. 

In the drawings hereto annexed, Figure 1 
is a diagram illustrating the system for which 
the improvement was more especially de- 
signed. Tig. 2 is atop plan view of the cir- 
euit-controller. Fig. 3 is a view showing the 
induction-coil of Fig. 1 with its condenser- 
case in side elevation and the circuit-con- 
troller in vertical central section. 

The general scheme of the system for use 
with which my improved circuit-controller is 
more especially designed will be understood 
by a brief reference to Fig. 1. In said figure, 
A A represent the terminals of a source of 
current. A’ is a self-induction or choking 
coil included in one branch of the circuit and 
permanently connected to one side of a con- 
denser A”. The opposite terminal of this 
condenser is connected to the other terminal 
of the source through the primary B of a 
transformer, the secondary B' of which sup- 
plies the working circuit containing any suit- 
able translating devices, as B”. 

The circuit-controller ©, which is repre- 
sented conventionally, operates to make and 
break a bridge from one terminal of the 
source to a point between the choking-coil 
A’ and the condenser A”, from which it will 
result that when the circuit is completed 
through the controller the choking-coil A’ is 
short-circuited and stores energy which is dis- 
charged into the condenser when the con- 
troller-eireuit is broken, to be in turn dis- 
eharged from the condenser through the pri- 
mary B when these two are short-circuited 
by the subsequent completion of the con- 
troller-circuit. 

I refer now to Figs. 2 and 8 for an illus- 
tration of the more important and typieal 
features of my improved circuit-eontroller. 
The parts marked a compose a closed recep- 
tacle of cylindrical form having a dome or 
extension of smaller diameter. The recepta- 
ele is secured to the end of a spindle c, which 
is mounted vertically in bearings of any char- 
acter suitable for the purpose. As it is in- 
tended to impart a rapid rotation to the re- 
eeptaele a, I have shown a convenient de- 
vice for this purpose comprising a field-mag- 
net d, secured to the base or frame e, and an 
annular armature f, secured to the recepta- 
clea. The coils of the armature are con- 
nected with the plates g of a commutator se- 
cured to the receptacle a and made in cylin- 
drieal form, so as to surround the socket in 
which the spindle cis stepped. А body of 
magnetic i тема] h, which serves as an ar- 
mature, is mounted on antifriction-bearings 
on an extension of the spindle c, so that the 
receptacle and the body h may have freely 
independent movements of rotation. Sur- 
rounding the dome 0, in.which the armature 
h is contained, is a core with pole-pieces o, 
which are magnetized by coils p, wound on 
the core. 
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supported by arms r, Fig. 2, independently | 1. The combination with a receptacle of a 


of the receptacle, so that when the recepta- 
ele is rotated and the core energized the at- 
tractive force exerted by the poles o upon the 
armature h within the receptacle a holds the 
said armature against rotation. To prevent 
loss from eurrents set up in the shell of the 
dome b, the latter should be made of German 
silver or other similar precaution taken. Ап 
arm 7 is secured to the armature A within the 
receptacle à and carries at its end.a short 
tube k, bent, as shown in Fig. 2,.so that one 
open end is tangential to the receptacle-wall 
and the other directed toward the center of 
the same. Secured to the top plate of the re- 
ceptacle a are aseries of conducting-plates 1. 
The part of the top plate s from which said 
conducting-plates | depend is insulated from 
the receptacle proper by insulating packing- 
rings £, but is electrically connected with the 
dome b, and in order to maintain electrical 
connection from an external circuit to the 
conductors 7 a mercury-cup w is set in the 
top of the dome, into which cup extends a sta- 
tionary terminal plug”. <A small quantity 
of a conducting fluid, such as mercury, is put 
into the receptacle a, and when the latter. is 
rotated the mercury by centrifugal action 
is forced out toward its periphery and rises 
up along its inner wall. Whenit reaches the 
level of the open-mouthed tube £, a portion is 
taken up by the latter, which is stationary, 
and forced by its momentum through the tube 
and discharged against the conductors./ as 
the latter pass in rapid succession by the ori- 
fice of said tube. Yn this way the circuit be- 
tween the receptacle and the conductors / is 
completed during the periods in which the 
stream or jet of mercury impinges upon any 
of the conductors Land broken whenever the 
stream is discharged through the spaces be- 
tween the conductors. 

From the nature of the construction and 
mode of operation of the above-described ap- 
paratüsitis evident that the relative speed of 
Separation and approach of the two elements 


‘or terminals (the jet and the conductors!) may 


beextremely high, whilesuch increased speed 
affects in no material respect the quality of 
contact. | | 

A circuit-controller of the kind described 
is applicable and useful in many other sys- 
tems and apparatus than that particularly 
described herein, and may be greatly modi- 
fied in construction without departure. from 
the invention. 

Iam aware thata jet or stream of conduct- 
ing fluid has heretofore been employed as a 
means for completing an electric circuit, and 
I do not claim, broadly, the employment of a 
conducting fluidin such form as a contact or 
terminal; but so far as I am aware both the 
purpose for which I employ such form of con- 
tact or terminal and the manner in which I 
apply it are wholly of my invention, neither 
having been heretofore proposed: 

What I claim is— 








conductor. or series of spaced conductors, a 
nozzle or tube for directing a jet or stream of 
fluid against the same, the nozzle and conduc- 
tor being capable of movement relatively to 
each other, and means for maintaining a cir- 
culation of conducting fluid, contained in the 
receptacle, through the said nozzle, and de- 


pendent for operation upon such relative 


movement, as set forth. 
9, Тһе combination with a closed recepta- 


cele of a conductor or series of spaced conduc- 


tors, a nozzle or tube for directing a jet or 
stream of flaid against the same, and means 
for forcing a conducting fluid contained in 
the receptacle through the said nozzle, these 
parts being associated within the receptacle 
and adapted to be operated by the application 
of a single actuating power, as set forth. 
3..The combination with a receptacle con- 
taining a series of spaced conductors, a duct 
within the receptacle having one of its ends 
directed toward the said conductors, means 
for maintaining a rapid movement of rela- 
tive rotation between the said end and the 
conductors and means for maintaining a cir- 
culation of a conducting fluid contained in 
the receptacle through the duct against the 
conductors, the said conductors and jet con- 
stituting respectively the terminals or ele- 
ments of an electrie-cireuit controller. 

4, The combination with a receptacle. ca- 
pable of rotation and containing a series of 
spaced conductors, a duct within the recepta- 
cle having an orifice directed toward the said 
conductors, and an open end in position to 
take up a conducting fluid froma body. of the 
same contained in the receptacle, when the 
latter is rotated, and direct it against the con- 
ductors, the said conductors and the fluid 
constituting the terminals or elements of an 
electric-circuit controller. 

5. The combination with a. receptacle for 
containing a conducting fluid and a series of 
spaced conductors thereon, of a duct having 
an. orifice directed toward the said conductors 
and: forming a conduit through which the 
fluid when the receptacle is rotated is forced 
and thrown upon the conductors. 

6. The combination with a receptacle ca- 
pable of rotation, and a series of conductors 
mounted therein, of a duct having an orifice 
directed toward the conductors, a holder for 
said duct.mounted on bearings within the re- 
ceptacle which permit of. a free relative rota- 
tion of said receptacle and holder, and means 
for opposing the rotation of the said holder 
in the direction of the movement of the fluid 
while the receptacle is rotated, whereby the 
conducting fluid within the receptacle will be 
caused to flow through the duct against: the 
conductors. 

7. The combination with a receptacle and 
a motor for rotating the same, of a magnetic 
body mounted in the receptacle, a magnet ex- 
terior to the receptacle for maintaining the 


| body stationary while the receptacle rotates, 
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a series of conductors in the receptacle and 
a duet carried by the said magnetie body and 
adapted to take up at one end a conducting 
fluid in the receptacle when the latter rotates 
and to direct such fluid from its opposite end 
against the series of conductors. ` 

8. The combination with a receptacle for 
containing a conducting fluid, a series of 
spaced. conductors within the same, and a 
motor, the armature of which is connected 
with the receptacle so as to impart rotation 
thereto, a magnetic body capable of turning 


freely within the receptacle about an axis 
concentric with that of the latter, a duct car- 
ried by the said body having one end in po- 
sition to take up the conducting fluid and the 
other in position to discharge it against the 
spaced conductors, and a magnet exterior to 
the receptacle for holding the magnetic body 
stationary when the receptacle is rotated. 
NIKOLA TESLA. 
Witnesses: 
M. Lawson DYER, 
G. W. MARTLING. 
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SPECIFICATION forming part of Letters Patent No, 609,246, dated August 16, 1898. 
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To alt whom it may concern: 


сл 


o 


Be it known that I, NIKOLA: TESLA, a citi- 
zen of the United States, residing in the bor- 
ough of Manhattan, in the city, county, and, 
State of New York, have invented certain new. 
and useful Improvements in Electric-Circuit 
Controllers, of which the following isa speci-. 
fication, reference being had to the drawing. 
accompanying and forming a part of the same. . 

The invention which forms the subject of 
my present application is an improvement in 


a novel class of cireuit-controlling appliances: 


heretofore invented by me and more ‘espe- 


. eially designed to be used with my.now well- 
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known apparatus for the production of elec- 
tric currents of high frequency by means of 


-condenser-discharges, but applicable gener- 


ally as a means for making and breaking an 
electric circuit. E . 

In the cireuit-eontrollers of.the particular 
class or type to which my present improve- 
ment pertains I have utilized a conducting 
liquid as one of the terminals and have em- 
ployed as the other terminal a solid conductor 
and provided various means for bringing the: 
two into rapidly-intermittent contact: 

The distinguishing feature of my. present 


improvement lies chiefly in the.use of a con-. 
ducting liquid for both the terminals under: 
'eonditions whieh permit of a rapidly-inter-' 
mittent contact between them, as willbe |. 


herein set forth. . 

The aecompanying drawing illustrates an 
apparatus embodying the principle of my said 
improvement, 

The figure is a central vertical section of 
the circuit-controller. 

In the drawing is shown a receptacle com- 
posed of two cylindrical metallic portions A 
A’, secured together by bolts B and. nuts C, 
but insulated from each other. The recep- 
tacle is journaled, by means of trunnions 
formed on or secured toits ends, in standards 
D D, and any suitable means is employed to 
impart rotation to it. 


effected by constructing or organizing the re- 
ceptacle insuch manner that it may serve as 
the rotating element of an electromagnetic 
motor in conjunction with a surrounding 
stationary element E E. The abutting ends 
of the two parts of the receptacle are formed 


‘cle into two compartments Q G”. 
‘these compartments, as G, extends a spindle 
-H, having its bearing in the end of the’ part 


toward the opposite compartment. 


This is conveniently: 


with inwardly-extending flanges F, which di- 
vide the peripheral portions of the recepta- 
Into one of 


A and. the trunnion secured to or extending 


therefrom,- -Into the other compartment G” 


extends a spindle H', similarly journaled in 
the end of part À' and,its trunnion. Each 
spindle carries or is formed with a weighted 
arm K, which, remaining in a vertical posi- 
tion, holds its spindle stationary when the 
receptacle-is revolved. 

To the weighted arm of spindle H is secured 
a standard: L, carrying a tube L’, with one 
open end in close proximity to the inner pe- 
ripheral wall of the compartment G-and the 
other directed toward the axis, but inclined 
To the 
weighted ‘arm’ of spindle H’ is similarly se- 
cured a standard M, which is hollow and con- 
stitutes a portion of a duct or passage which 


extends through a part of the spindle and 


opens through a nozzle M' into a circular 
chamber N in the wall of the part A’. From 


4 this chamber run passages N’ to nozzles O, in 
‘position to discharge jets or streams of liquid 


in such directions as to intersect, when the 
nozzles are rotated, a stream issuing from the 


‘end of tube I’. 


In each portion or compartment of the re- 
ceptacle is placed a quantity of a conducting 


liquid, such às mereury, and the ends of the 
-tubes L’ and M are provided with openings 
-which take up the mercury when on the ro- 


tation of the receptacle it is carried by cen- 
trifugal force against the peripheral wall. 
The mercury when taken up by the tube L' 
issues in a stream or jet from the inner end 


-of said tube and is projected into the com- 


partment G’. The mercury taken up by the 
tube M runs into the circular chamber N, 
from whieh it isforced through the passages 
N'to the nozzles O, from which it issues in 
jets or streams directed into the compart- 
ment G. As the nozzles O revolve with the 
receptacle the streams which issue from them 
will therefore be carried across the path of 
the stream which issues from the tube L and 
which is stationary, and the circuit between 
the two compartments will be completed by 
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the streams whenever they intersect and in- ] 


terrupted at all other times. | 

The continuity of the jets or streams is not 
preserved: ordinarily to any great distance 
beyond the orifices from which they issue, 
and hence they do not serve as conductors to 
electrically connect the two sides of the re- 
ceptacle beyond their point of intersection 
with each other. 

It will be understood that so far as the broad 
feature of maintaining the terminal jets is 
concerned widely-different means may be em- 
ployed for the purpose and that the spindles 
mounted in free bearings concentrically with 
the axis of rotation of the receptacle and held 
against rotation by the weighted arms consti- 
tute but one specific way of accomplishing this 
result. This particular plan, however, has 
certain advantages and may be applied to cir- 
cuit-controllers of this class generally when- 
ever itis necessary to maintaina stationary or 
nearly stationary body within a rotating re- 
ceptacle. It is further evident from the na- 
ture of the case that it is not essential that 
the jet or jets in one compartment or portion 


of the instrument should be stationary and 


the others rotating, but only that there should 
be such relative movement between them as 
to cause the two sets to come into rapidly-in- 
termittent contact in the operation of the de- 
vice. 

The number of jets, whether stationary or 
rotating, is purely arbitrary; but since the 
conducting fluid is directed from one com- 
partment into the other the aggregate amount 
normally discharged from the compartments 
should be approximately equal. However, 
since there always exists a tendency to pro- 
ject a greater quantity of the fluid from that 
compartment which contains the greater into 
that which contains the lesser amount no dif- 
ficulty will be found in this respect in main- 
taining the proper conditions for the satisfac- 
tory operation of the instrument. 

A practical advantage, especially important 
when a great number of breaks per unit of 
time is desired, is secured by making the 
number of jets in one compartment even and 
in the other odd and placing each jet sym- 
metrically with respect to the center of rota- 
tion. Preferably the difference between the 
number ofjetsshouldbeone. Bysuchmeans 
the distances between the jets of each set are 
made the greatest possible and hurtful short- 
circuits are avoided. 

For the sake of illustration let the number 
of jets or nozzles L' in one compartment be 
nine and the number of those marked O in 
the other compartment ten. Then by one 
revolution of the receptacle there will be 
ninety makesand breaks. Toattain thesame 
result with only one jet, as L’, it would be 
necessary to employ ninety jets O in the other 
compartment, and this would be objection- 
able, not only because of the close proximity 
of the jets, but also of the great quantity of 
fluid required to maintain them. 








In the use of the instrument as a circuit- 
controller it is merely necessary to connect 
the two insulated parts of the receptacle to 
the two parts of the circuit, respectively, as 
by causing brushes X Y, connected with cir- 
cuit-wires, to bear at any suitable points on 
the said two parts A A’. 

In instruments of this character in which 
both terminals are formed by a liquid element 
there is no wear or deterioration of the ter- 
minals and the contact between them is more 
perfect. The durability and efficiency of the 
devices are thus very greatly increased. 

Having now described my invention, what 
I claim is— 

1. A circuit-controller comprising in com- 
bination means for producing streams or jets 
of conducting liquid forming the terminals, 
and means for bringing the jets or streams of 
the respective terminals into intermittent 
contact with each other, as set forth. 

2. In a cireuit-controller, the combination 
with two sets of orifices adapted to discharge 
jets in different directions, means for main- 
taining jets of conducting liquid through said 
orifices, and means for moving said orifices 
relatively to each other so that the jets from 
those of one set will intermittently intersect 
those from the other, as set forth. 

3. The combination in a circuit-controller 
of ducts and means for discharging therefrom 
streams or jets of conducting fluid in elee- 
trical contact with the two parts of the circuit 
respectively, the orifices of said ducts being 
capable of movement relatively to each other, 
whereby the streams discharged therefrom 
will intersect at intervals during their rela- 
tive movement, and make and break the elec- 
trie circuit, as set forth. 

4. In a cireuit-controller the combination 
with one or more stationary nozzles and means 
for causing a conducting fluid forming one 
terminal to issue therefrom, of one or more 
rotating tubes or nozzles, means for causing 
a conducting liquid forming the other ter- 
minal to issue therefrom, the said rotating 
nozzles being movable through such a path as 
to cause the liquid issuing therefrom to in- 
tersect that from the stationary nozzles as set 
forth. 

5. The combination with a rotating recep- 
tacle divided into two insulated compart- 
ments, a spindle in one compartment with its 
axis concentric with that of the receptacle, 
means for opposing the rotation of said spin- 
dle, and a tube or duct carried by the spindle 
and adapted to take up a conducting fluid at 
one end from the inner periphery of the com- 
partment when the receptacle is rotated and 
direct it from the other end into the other 
compartment, of a similar spindle in the other 
compartment and means for opposing its ro- 
tation, a tube carried by the spindle and hav- 
ing an opening at one end near the inner pe- 
riphery of the compartment and discharging 


into a chamber from which lead one or more. 


passages to nozzles fixed to the rotating re- 
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ceptacle and adapted to discharge across the 
path of the jet from the stationary nozzle, as 
seb forth. 

6. Ina cireuit-controller the combination 
with a rotating receptacle of a body mounted 
therein and formed or provided with a 
weighted portion eccentric to its axis which 
opposes its rotation and a tube or duct car- 
ried by said body and adapted to take up a 
condueting fluid from the rotating receptacle 
as set forth. 

7. In a circuit-controller the combination 
of two sets of nozzles and means for project- 


ing from. the same, jets of conducting fluid 
which constitute respectively the terminals 
of the controller, means for moving the noz- 
zles relatively to each other so that the jets 
of the two sets are brought successively into 
contact, the nozzles of each set being arranged 
symmetrically about an axis of rotation,there 
being one more nozzle in one set than in the 


other. 
NIKOLA. TESLA. 
Witnesses: 
M. Lawson Dvr, 
G. W. MARTLING. 
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UNITED STATES 


PATENT OFFICE, 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRIC-CIRCUIT CONTROLLER. 


SPECIFICATION forming part of Létters Patent No. 609,247, dated August 16, 1898. 
Application filed March 12, 1898, Serial No. 673,558, (No model) 


Lo all whom it may concern: 


Be it known that-I, NrKoLA TESLA, of the. 


borough of Manhattan,in the city, county; and 
State of New York, have invented certain new 


and useful Improvements in Cireuit-Control-: 


lers, of which the following is a specification ; 
reference being had to the drawin gs accompa- 
nying and forming a part of the same. 

In an application filed by me on June 3, 
1897, Serial No. 639,297, I have shown and de- 
scribed a device for making and breaking an 
electric circuit comprising a rotary receptacle 
containing 
mounted within but independently of the re- 
ceptacle and caused by the rotation of the 
latter to make and break electrical contact 
with the fluid. : 

The invention on which my present appli- 
cation is based is an improvement in devices 
of this partieular class, and has primarily as 
its object the produetion of a eireuit-eon- 
troller in which an independently-mounted 
terminal operated in a similar manner bya 
rotating body of conducting fluid may be ïn- 
closed within a gas-tight receptacle. 

The invention comprises features of con- 
struction by which this object is practically 
secured and certain improvements applicable 
to this and other analogous devices, as will be 
more fully hereinafter set forth. 

In the accompanying drawings, Figure 1 is 
vertieal central section of the improved cir- 
cuit-controller, and Fig. 2 a top plan view of 
the same with the top or cover of the recep- 
tacle removed. | 

The operative portions of the circuit-con- 
trolling mechanism are contained in a closed 
cylindrical receptacle A, of iron or steel, 
mounted on a spindle B in a suitable socket 
or support C to permititto be freely and rap- 
idly rotated. The socket C is secured to or 
forms a part of a base or stand D. 

As a means of producing the proper rota- 
tion of the receptacle A, Ihave shown a field- 
magnet E, mounted on or secured to the base 
D, and an armature F, supported bya bracket 
G from the under side of the receptacle A. 
The same bracket also carries a series of com- 
mutator - segments Н, upon which bear 
brushes I, these parts being arranged to con- 
stitute an electromagnetic motor with sta- 


tionary field and rotating armature, It may. 


a conducting fluid and a terminal. 





be stated that any other suitable means may 
‘be employed to rotate the receptacle and the 
fluid. ез 

In the spindle Band concentric with its 
axis is a spindle J.in bearings specially con- 
structed to reduce friction in order that the 
spindle J may be as little as possible influ- 
‘enced by the rotation of the main spindle and 
receptacle carried thereby. -A suitable pro- 
vision is made to oppose or prevent the rota- 
tion of the spindle J during the rotation of 
the receptacle. I have devised for this pur- 
pose the following: 

The spindle B is held by its bearings at an 
angle to the vertical, and a weight K is secured 
eccentrically to the spindle J and tends to hold 
the said spindle alwaysin one position. The 
inclination of theaxesof rotation necessary for 
this result may be substantially that shown 
and should not be materially greater, for the 
reason that it is especially advantageous to 
preserve the spindles and bearings as nearly 
as practicable vertical on account of lesser 
friction and easier lubrication. 

Attached to the spindle J or weight K is an 
insulated bracket L, earrying a standard or 
socket M, in which is mounted on antifriction- 
bearings a spindle N. Secured to this latter 
is a plate with radial arms O, from which de- 
pend vanes or:-blades P, with projections Q 


extending radially therefrom. A shield or. 


screen R incloses the vanes, except on the 
side adjacent to the inner periphery of the 
receptacle A. . 

A small quantity of a conducting fluid S is 
placed in the receptacle, and in order to se- 
cure a good electrical connection between the 
vanes P and a terminal on the outside of the 
receptacle a small mereury-eup T, in metallic 
contact with the vanes through the bracket 
L and socket M, is secured to the weight K. 
A metal stud V, set in an insulated bolt W, 
projects into the eup T through a paeked 
opening initscover. One terminal of the cir- 
cuit-controlling mechanism will thus be any 
part of the metal receptacle and the other 
the insulated bolt W. The apparatus may be 
connected up in circuit by connecting the 
wires of the circuit to a brush X, bearing on 
the bolt W, and to a binding-post Y in contact 
with the base D. 

To operate the apparatus, the receptacle is 
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set in rotation, and as its speed increases the 
mercury or other conducting fluid which it 
contains is carried by centrifugal force up the 
sides of the inner wall, over which it spreads 
ina layer. When this layer rises sufficiently 
to encounter the projections Q on the blades 
or vanes P, the latter are set in rapid rotation, 
and the electrical connection between the ter- 
minal of the apparatus is thereby made and 
broken, it may be, with very great rapidity. 

The projections Q are preferably placed at 
different heights on the vanes P, so as to se- 
cure greater certainty of good contact with 
the mercury film when in rapid rotation. 

As to the forms of the circuit-controller 
heretofore referred to and upon which my 
present invention is an improvement the 
blades or vanes P may be regarded in a broad 
sense as typical of any device—such, for ex- 
ample, as a stelliform disk—which will be set 
and maintained in rotation by that of the re- 
ceptacle. So, also, having regard to the fea- 
ture of my invention which provides for 
maintaining such a device in operation in a 
receptacle which may be hermetically sealed, 
so as to be capable of containing an inert me- 
dium under pressure in which the makes and 
breaks occur and which medium is pracii- 
cally essential to a long-continued and eco- 
nomical operation of the device, I may em- 
ploy other and widely-different means for op- 
posing or preventing the rotation of the part 
carrying such vanes in the direction of the 
rotation of the receptacle and fluid. 

Having now described my invention, what 
I claim is— 

1. A circuit-controller comprising, in com- 
bination, a closed receptacle containing a 
fluid, means for rotating the receptacle, a sup- 
port mounted within the receptacle, means 
for opposing or preventing its movement in 
the direction of rotation of the receptacle, 
and a conductor carried by said support and 
adapted to make and break electric connec- 
tion with the receptacle through the fluid, as 
set forth. 





9, A cireuit-controller comprising, in com- 
bination, a terminal capable of rotation and 
formed or provided with radiating contacts, 
a closed receptacle containing a fluid which 
constitutes the opposite terminal, means for 
rotating the receptacle, a support therein for 
the rotating terminal, and means for oppos- 
ing or preventing the rotation of the support 
in the direction of the rotation of the recep- 
taele, as set forth. 

3. In a circuit-controller, the combination 
with a receptacle capable of rotation about 
an axis inclined to the vertical and contain- 
ing a fluid which constitutes one terminal, a 
second terminal mounted within the recep- 
tacle, on a support capable of free rotation 
relatively to the receptacle, and a weight ec- 
centric to the axis of rotation of the support 
for said terminal for opposing or preventing 
its movement in the direction of the rotation 
of the said receptacle, as set forth. 

4, The combination with a receptacle 
mounted to revolve about an axis inclined to 
the vertical, of a spindle within the recep- 
tacle and concentric with its axis, a weight 
eccentric to the spindle, and a terminal car- 
ried by the said spindle, and adapted to be 
rotated by a body of conducting fluid con- 
tained in the receptacle when the latter is 
rotated, as set forth. 

5. The combination with a receptacle 
mounted to rotate about an axis inclined to 
the vertical, a spindle within the receptacle 
and concentric with its axis, a weighted arm 
attached to said spindle, a bracket or arm 
also secured to said spindle, a rotary terminal 
with radiating contact arms or vanes mount- 
ed on said bracket in position to be rotated 
by a body of conducting fluid contained in 
said receptacle when said fluid is displaced. 
by centrifugal action, as set forth. 


NIKOLA TESLA. 


Witnesses: 
M. Lawson DYER, 
G. W. MARTLING.: 
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SPECIFICATION forming part of Letters Patent No. 609,948, dated August 16, 1898. 


Application filed March 12, 1898, 


Lo all whom it may concern: 

Be it known that I, NIKOLA TESLA, of the 
borough of Manhattan, in thecity, county, and 
State of New Yor k, have invented certain new 
and useful Impr ovements in Cireuit-Control- 
lers, of which the following is a specification, 
reference being had to the “drawing ¢ accom pa- 
nying and forming a part of the same. 

In previous applications filed by me, nota- 
bly in Serial No. 660,518, filed December 2, 
1897, and others, I have shown and described 
various forms of electric-circuit controllers 
in which à conducting fluid is used for one or 
both of the terminals. These contrivances, 
while applicable generally asa means of mak- 
ing and breaking an electric circuit with 
great rapidity, were devised by me more espe- 
cially for use in my now well-known system of 
electrical conversion by means of condenser- 
discharges and for this reason have been de- 
signed with especial reference to the peculiar 
and exceptional conditions which obtain in 
such systems. My present invention is an 
improvement in circuit- controllers of this 
kind, and in order that the object and nature 
of the improvement may be more readily un- 
derstood and appreciated I may refer briefly 
to the more essential characteristics of the 
devices described before upon which the 
presentimprovementis based. Asitwas pri- 
marily essential that these controllers be ва- 
pable of making and breaking the circuit at 
& very rapid rate and as such a result could 
not be secured practically or economically by. 
any of the ordinary devices employing rigid 
contacts or terminals I was led to invent-ap- 
paratus in which the circuit connections:were 
established and broken between a rigid ter- 
minal and a fluid conductor or between two 
fluid conduetorsin the form of jets orstreams. 
In the forms of apparatus employing a rigid 
or solid conductor as one terminal and a fluid 
as the other the makes and breaks of course 
occur always between asolidand a fluid termi- 
nal, and although the operative parts of my 
improved cir cuit- controllers were usually eon- 
tained in air or gas tight receptacles and in 
an inert medium, both! for the purpose of im- 
proving their action and preventing deterio- 
ration of the terminals, there is still а Па- 
bility to wear of the rigid or solid terminal. 

Under certain conditions, as when the cir- 


Serial No. 673,559, (No model.) 


‘cuit-controller is operated from a source of 


direct current, the deterioration of the solid 
terminal may be materially reduced by con- 
necting it to the negative pole of the gener- 
ator. Nevertheless, there will be always a 
slow wearing. away of the metal, which to 
overcome entirely in a novel manner is the 
object of my present improvement. To do 
this, I effect the closure of the circuit through 
two. parts of conducting fluid; but instead of 
breaking the circuit by the movementof these 
two parts or terminals, as before, I separate 
them periodically by the interposition of an 
insulator which is preferably solid and re- 
fractory. For example, I provide a plate or 
disk with teeth or projections—preferably of 
glass, lava, or the like—which are caused by 
the rotation of the disk to pass through the 
fluid conductor, jet, or whatever it may be, 
and thus effect a make and break of the cir- 
cuit. 

By means of such a device the breaks always 
occur between fluid terminals, and hence de- 
terioration and consequent impairment of the 
qualities of the apparatus are avoided. 
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A preferred form of my improved circuit- | 


controller is illustrated in the accompanying 
drawing, which shows a central vertical вес- 
tion of the same. 

The two terminals are contained in an air- 
tight receptacle A, of iron or steel, which is 
mounted on a spindle B in a suitable socket 
orsupport C,soastorotatefreely. Thesocket 
Cis secured to or forms part of a base or stand 
D.. Any suitable means may be employed for 
effecting the rotation of the receptacle, and 
in illustration of aconvenient and practicable 
means for this purpose I have shown an ar- 
mature E, secured to a cylindrical extension 
of the receptacle that surrounds the socket 
C, and a field-magnet F, which is supported 
independently and is stationary. The arma- 
ture-coils are connected with the segments S 
of a commutator on which bear brushes G. 

In the spindle B and coneentrie with its axis 
is a spindle H, supported on ball-bearings or 
otherwise arranged to have a free movement 
of rotation relatively to the spindle B, so as 
to be as little as possible influenced. by the 
rotation of the latter. 

Any convenient means is provided to op- 
pose or prevent the rotation of the spindle H 
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during the rotation of the receptacle. In the 
particular arrangement here shown for this 
purpose a weight or weighted arm J is secured 
to the spindle II and eecentrically to the axis 
of the latter, and as the bearing for the spin- 
dle B holds the same at an angle to the ver- 
tical this weight acts by gravity to hold the 
spindle H stationary. . 

Seeured to the top or cover of the recepta- 
cle À by a stud K, whieh passes through an 
insulating-bushing in said cover and is held 
by a nut L, is a circular disk M, of conduct- 
ing material, preferably iron or steel, having 
its edge turned downwardly and then in- 
wardly to provide a peripheral trough on the 
under side of the disk. 

To the under siđe of the disk M is secured 
a second disk N, having downwardly-inclined 
peripheral projections O O, of insulating and 
preferably refractory material, in a circle con- 
centric with the disk M. 

A tube or duct P is mounted on the spindle 
Ii or the weight J and is so arranged that the 
orifice at one end is directed outwardly toward 
the trough of the disk M, while the other lies 
close to the inner peripheral wall of the re- 
ceptacle, so that if a quantity of mercury or 
other conducting fluid be placed in the recep- 
tacle and the latter rotated the tube or duct 
P, being held stationary, will take up the fluid 
which is carried by centrifugal action up the 
side of the receptacle and deliver it inastream 
or jet against the trough or flange of the disk 
M or against the inner surfaces of the projec- 
tions O of disk N, as the case may be. 

Obviously, since the two disks M and N ro- 
tate with respect to the jet or stream of fluid 
issuing from the duet P, the electrical con- 
nection between the receptacle and the disk 
M through the fluid will be completed by the 
jet when the latter passes to the disk M be- 
tween the projections O and will be inter- 
rupted whenever the jet is intercepted by the 
said projections, 

The rapidity and the relative duration of 
the makes and breaks is determined by the 
Speed of rotation of the receptacle and the 
number and width of the intercepting projec- 
tions O. 

By forming that portion of the disk M with 
which the jet makes contact as a trough, 
which will retain when in rotation a portion 
of the fluid directed against it, a very useful 
feature is secured. The fluid under the ac- 
tion of centrifugal force accumulates in and 
is distributed along the trough and forms a 
layer over the surface upon which the jetim- 
pinges. By this means a very perfect con- 
tact is always secured and all deterioration 
of the terminal surfaces avoided. 

The principle of interrupting the circuit by 
intermittently passing an insulator through 
a fluid conductor may be carried out by many 
specifically-different forms of apparatus, and 





in this respect I do not limit myself to the 
particular form herein shown. 

What I claim is— 

1. In an electrical-circuit controller, the 
combination with a conductor forming one of 
the terminals, of means for maintaining a jet 
or Stream of conducting fluid forming the 
other terminal, and directing it against said 
conductor, and a body adapted to be inter- 
mittently moved through and to intercept the 
jet or stream, as set forth. 

2. In an electrical-cireuit controller, the 
combination with a rigid terminal, of means 
for directing against such terminal a jet or 
stream of conducting fluid in electrical con- 
nection with the other terminal, and a body 
adapted to be intermittently moved through 
and tointercept the jet or stream, as set forth. 

3. In an electrical-cireuit controller, the 
combination with a rigid terminal, of means 
for directing against such terminal a jet or 
stream of conducting fluid in electrical con- 
nection with the other terminal, a body hav- 
ing a series of radial projections and means 
for rotating the same so that the said projec- 
tions will intermittently intercept the stream 
or jet, as set forth. 

4, In a circuit-controller, the combination 
with a rotary conductor forming one termi- 
nal, means for directing against such termi- 
nal a jet or stream of conducting fluid in elec- 
trical connection with the other terminal, and 
a body with spaced projections mounted to 
rotate in a path that intercepts the jet or 
stream of fluid, as set forth. 

5. In a eireuit-controller, the combination 
with a rotary conductor forming one termi- 
nal, and means for directing intermittently 
against such terminal a jet or stream of fluid 
in electrical connection with the other termi- 
nal, the part of said rotary conductor upon 
which the jet or stream impinges being formed 
so as to retain, by centrifugal force, a portion 
of the fluid directed against it, as set-forth. 

6. The combination of the receptacle, the 
conducting-disk secured within it, the insu- 
lated disk with peripheral projections and 
the stationary tube or duct for directing a 
stream or jet of conducting fiuid toward the 
conducting-disk and across the path of the 
projections O, as set forth. 

7. The combination of the receptacle, the 
conducting-disk with a peripheral trough- 
shaped flange, the insulated disk with periph- 
eral projections O, and the stationary tube or 
duct for directing a stream or jet of conduct- 
ing fluid into the trough-shaped flange of the 
conducting-disk and across the path of the 
projections O, as set forth. 


NIKOLA TESLA. 
Witnesses: 


M. LAWSON DYER, 
G. W. MARTLING. . 
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To ail whom ib may concern: 

Be it known that I, NIKOLA TESLA, of the 
borough of Manhattan, in the city, county,and 
State of New York, have invented certain new 
and useful Improvements in Electrical-Cir- 
cuit Controllers, of which the following is a 
specification, reference being had to the draw- 
ing accompanying and forming part of the 
same. 

The present application is based upon im- 
provements in electrical-circuit controllers of 
the kind heretofore invented by me and de- 
scribed in previous applications, notably in 
an application filed December 2, 1897, Serial 
No. 660,518. The chief distinguishing fea- 
tures of these devices are the use of & con- 
ducting fluid for one or both of the terminals 


under conditions which permit ofa very rapid - 


succession of makes. and breaks and a con- 
struction or arrangement which allows the 
inelosing of the terminals in an air-tight re- 
ceptaele in whieh an inert medium may be 
maintained. My efforts to meet the practi- 
cal requirements of apparatus of this kind 
have led me to adopt expedients and to iù- 
vent mechanisms entirely novel in such de- 
vices. Jor example, in order to effect arap- 
idly-intermittent contact between two termi- 
nals by the use of a jet or jets in a closed re- 
ceptacle it is obviously necessary to employ 
special means which will operate to hold one 
part of the apparatus stationary while the 
other rotates or to rotate both the essential 
parts or terminals in opposite directions or, 
as the case may be, in the same direction at 
different speeds. 

The present invention is embodied in a de- 
viee for securing the proper relative move- 
ment of the two parts or terminals of the cir- 
cuit-controller and involves two salient fea- 
tures of novelty, one that it provides for main- 
taining in a rotating receptacle a stationary 
jet or jets which byi impinging on a rigid con- 
ductor maintain the latter in rotation, there- 
by securing the requisite rapidly intermittent 
contact between the two, and the other that it 
utilizes the rotation of such rigid conductor 
asa means for opposing or preventing the 
movement of its own supports in the direc- 
tion of rotation of the receptacle, thereby se- 
curing, among other things,an approximately 
constant relative movement between the 


x 
x 





(No model.) 


parts, a feature which in devices of this kind 
is often very desirable. 

Inthe drawing hereto annexed I have illus- 
trated the pr eferred form of apparatus which 
Ihave devised for carrying out these improve- 
ments. The figure isa central vertical cross- 
section of a cireuit-controller. 

A designates a receptacle, usually of iron 
or steel and mounted in any suitable manner, 
as by trunnions B B, having bearings in 
standards C O, so as to be capable of rapid 
rotation abouta horizontal axis. 

In the particular form of device under con- 


“sideration the receptacle is divided into two 


parts insulated by a washer D and held to- 
gether by insulated bolts E with nuts F. 
These two parts are electrically connected, 
respectively, with the two terminals of the 
apparatus, as hereinafter described, and by 
means of brushes X Y, bearing at any suit- 
able points on the two parts of the receptacle, 
the circuit-controller is connected with the 


-wires of a circuit. 


Any convenient means may be employed 
tor otàte the. receptacle; but à simple way to 
effect this is to surround the same with a 
field-magnet.G and to make the receptacle 


itself the armature of an electric motor or 


else to secure to it armature-cores, as H. 

A body I is supported by trunnions J, hav- 
ing bearings:in the ends ofthe receptacle 
and concentric with the axis of rotation of 
the same. The weight of the body I being 
eccentric to this axis tends to oppose its turn- 
ing about the axis when the receptacle is ro- 
tated. 

Upon the body or support I, but insulated 
therefrom, is secured a vertical standard K, 
in which there is a freely-rotatable spindle L, 
carrying a disk M, with radial arms inclined 
to the plane of the disk, so as to form vanes 
N. Arms O P are also secured to the body I 
and are formed with or carry at their ends 
ducts or tubes Q, with one end directed to- 
ward and opening upon the vanes N and the 
other end close to the inner wall of the re- 
ceptacle and opening in the direction oppo- 


site to that of the rotation of the receptacle.. 


` А suitable quantity of mercury Ris placed 

in the receptacle before the latter is sealed or 
closed. 

The operation of the device is as follows: 
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The receptacle is started in rotation, and as 
it aequires a high velocity the mercury or 
other conducting fluid Ris caused by centrif- 
ugal action to distribute itself in a layer over 
the inner peripheral surface of the receptacle. 
As the tubes or ducts Q do not take part in 
the rotation of the fluid, being held at the 
start by the weighted body I, they take up 
the mercury as soon as it is carried to the 
points where the ducts open and discharge it 
upon the vanes of the disk M. By this means 
the disk is set in rapid rotation, establishing 
the contact between the two sides of the re- 
ceptacle which constitute the two terminals 
of the circuit-controller whenever the two 
streams or jets of fluid are simultaneously in 
contact with the vanes, but breaking the con- 
tact whenever the jets discharge through the 
spaces between the vanes. The chief object 
of employing more than one insulated jet is 
to secure a higher velocity of approach and 
separation, and in respect to the number of 
jets thus employed the device may be ob- 
viously modified as desired without departure 
from the invention. The disk M, having ac- 
quired a very rapid rotation, operates to pre- 
vent by gyrostatic action any tendency of the 
body I to rotate or oscillate, as such move- 
ment would change the plane of rotation of 
the disk. The movement of the parts, there- 
fore, and the operation of the device as a 
whole are very steady and uniform, and a ma- 
terial practical advantage is thereby secured. 
The speed of the disk will be chiefly depend- 
ent on the velocity of the streams and pitch 


' of the blades, and it is of course necessary in 
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order to produce a constant speed of rotation 
of the disk that the velocity of the streams 
be constant. This is accomplished by rotat- 
ing the receptacle with a constant speed; but 
when this is impracticable and the uniformity 
of motion of the disk very desirable I resort 
to special means to secure this result, as by 
providing overflowing-reservoirs V V, as in- 
dicated by dotted lines, from which the fluid 
issues upon the vanes with constant velocity, 
though the speed of the receptacle may vary 
between wide limits. 

It may be stated that the jets can be pro- 
duced in any other known ways and that they 
may be utilized in any desired manner to pro- 
duce rotation of the disk. 

Having now described my invention, what 
I claim is— 

1. The combination in a circuit-controller 
with a closed rotary receptacle, of a rigid соп- 
ductor mounted within the same and through 
which the circuit is intermittently estab- 
lished, and means for directing a jetorstream 
of a fluid which is contained in the receptacle, 
against the said body so as to effect its rota- 
tion independently of the receptacle, as set 
forth. 
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2. In an electric-circuit controller, the com- 
bination of a closed rotary receptacle, a con- 
ducting body therein adapted to be rotated 
independently of the receptacle by the im- 
pingement thereon of a jet or stream of con- 
ducting fluid,and means for maintaining such 
a jet and directing it upon the said condue- 
tor, as set forth. 

3. In a circuit-controller, the combination 
with a rotary receptacle of a body or part 
mounted within the receptacle and concen- 
trically therewith,a conducting-terminal sup- 
ported by said body and capable of rotation 
in a plane at an angle to the plane of rota- 
tion of the receptacle so as to oppose, by gyro- 
static action, the rotation of the support, and 
means for directing a jet of conducting fluid 
against the said terminal, as set forth. 

4. In a circuit-controller, the combination 
with a rotary receptacle of a support fora 
conductor mounted thereon concentrically 
with the receptacle and a gyrostatic disk car- 
ried by the support and adapted, when rotat- 
ing, to oppose its movement in the direction 
of rotation of the receptacle, as set forth. 

5. In a circuit-eontroller, the combination 
with a rotary receptacle containing a con- 
ducting fluid, a support mounted within the 
receptacle, means for opposing or preventing 
its movement in the direction of rotation of 
the receptacle, one or more tubes or ducts 
carried thereby and adapted to take up the 
fluid from the rotating receptacle and dis- 
charge the same in jets or streams, and a con- 
ductor mounted on the support and adapted 
to be rotated by the impingement thereon of 
said jet or jets, as set forth. 

6. The combination in a circuit-controller 
of a rotary receptacle, one or more tubes or 
ducts and a support therefor capable of ro- 
tation independently of the receptacle, a con- 


- ductor mounted on said support in a plane at 


an angle to that of rotation of the receptacle, 
and adapted to be maintained in rotation by 
a jet of fluid taken up from the receptacle by 
and discharged upon it from the said tube or 
duct, when the receptacle is rotated. 

7. The combination with a rotary recepta- 
cle of one or more tubes or ducts, a holder or 
support therefor mounted on bearings within 
the receptacle, which permit of a free rela- 
tive rotation of said receptacle and holder, a 
disk with a bearing on the said holder and 
having its plane of rotation at an angle to 
that of the receptacle, the disk being formed 
or provided with conducting - vanes, upon 
which a jet of conducting fluid, taken up by 
the tube or duct from the receptacle when in 


rotation, is directed. 
NIKOLA TESLA. 


Witnesses: 
M. Lawson DYER, 
G. W. MARTLING. 
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UNITED. STATES: 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N.: Y. 


ELECTRICAL IGNITER FOR GAS-ENGINES. 


SPECIFICATION forming part of Letters Patent No, 609,250, dated August 16, 1898. 
Application fled February 17, 1897, Renewed June 16,1898, Serial No, 689,524, (No model) 


To all whom it may concern: 

Beitknown that I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
in Electrical Igniters for Gas-Engines and 
Analogous Purposes, of which the following 
is a specification, reference being had to the 
drawing accompanying and forming a part of 
the same. | 

In certain kinds of apparatus it-is neces- 
sary for the operation of the machine itself 
or for effecting the object for which it is used 
to produce an electric spark or any other simi- 
lar local effect at a given instant of time or 
at predetermined intervals. Тот өхатріе, іп 
certain gas or explosive engines a flame or 
spark is necessary for the ignition of an ex- 
plosive mixture of air and gas under the pis- 
ton, and the most effective way of iguiting 
the gaseous mixture has been found to be the 
produetion in the cylinder at the proper mo- 
ments of an electric spark. The only prae- 
ticable device by which this has been accom- 
plished heretofore is an induction-coil com- 
prising a primary and secondary cireuit with 
a buzzer or rapidly-acting automatice circuit- 
breaker in the primary and a circuit-control- 
ler, such as a switch or commutator, located 
also in the primary or battery circuit and op- 
erated by some moving portion of the appa- 
ratus to temporarily close such circuit at the 
proper time, and thereby set in operation the 
automatic circuit-breaker, which causes be- 
tween secondary terminals in the cylinder the 
discharge which is necessary for the proper 
ignition of the explosive mixture. Instead 
of thus temporarily closing the primary cir- 
cuit the automatic cireuit-breaker might be 
permitted to operate continuously, and the 
secondary, circuit normally broken, might be 
closed at the proper time to cause the spark 
to pass at any point. In either case the em- 
ployment of a quick-acting circuit-breaker is 


necessary, for unless the induction-coil be of ' 


large size and the source of current of con- 
siderable power a. slow or gradual make and 
break of the primary of a simple transformer, 
such as would ordinarily be effected bya 
switch or commutator, would not effecta dis- 
charge of the character necessary for ‘the 
proper ignition of the gas. 

There is, however, no form of vibrating or 





quick-acting circuit-breaker of which I am 
aware that can be depended upon to.operate 
with certainty to produce. such a spark or 
which will continue to operate for any length 
of time without deterioration, and hence not 
only in the case of engines of the kind de- 
seribed, butin other forms of apparatus which 
involve the use of a high-tension induction- 
coil with a quick-acting circuit-breaker, the 
operation of the machine is contingent upon 
the proper operation of a comparatively in- 
significant but essential part. 

The object of my invention is to provide a 
more certain and satisfactory means for use 
with and control by such machines or appa- 
ratus as I have mentioned for’ producing 
sparks or discharges of the desired character, 
and to this end I employ the following ar- 
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rangement: Any suitable moving portion of . 


the apparatus is caused to mechanically con- 
trol the charging of ‘a condenser and its dis- 


charge through a cireuit in inductive relation 


to a secondary circuit leading фо the termi- 
nals between which the discharge is to occur, 
so that at the desired intervals the condenser 
may be discharged through its circuit and in- 
duce in the other circuit a current of high po- 
tential which produces the desired spark or 
discharge. 

One practical means of accomplishing this 
is to employ any proper form of switch or 
commutator operated directly or through 
suitable intermediate devices by a moving 
part of the apparatus and which is caused 
to complete an electric circuit which has been 
previously broken or interrupted for an ap- 
preciable time when the occurrence of the 
spark or discharge is necessary. The circuit 
thus closed includes a condenser, which by 
this cperation of the switch is permitted to 
discharge, through the. primary of a trans- 
former, energy which it had previously re- 
ceived during the interruption of said circuit 
from a battery or discharge of a self-indue- 


‘tion coil in series with the battery in the 


charging-cireuit. 

The ends of the secondary circuit of the 
transformer above mentioned are conneeted 
with the points or terminals in the machine 
between which the spark is to pass, and fol- 
lowing the short-cizcuiting of the condenser 
by the closing of the switch a strong second- 
ary discharge induced by the discharge of the 
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condenser through the primary will oceur. 
It is possible by this means not only to pro- 
duce a strong discharge of high tension, as 
in the form of a spark well adapted for the 
ignition. of gas or other purposes for which 
sparks are employed, but.to secure such re- 
sult by apparatus very much less complicated 
and expensive than that heretofore employed 
for the purpose and which will be eapable 
of certain and effective operation for an in- 
definite period of time. 

I have illustrated the principle of my im- 
provement.and the manner in which the same 
is or may be carried out in the drawing hereto 
annexed. The invention is shown as used 
for effecting the operation of the piston of a 
gas-engine, the figure being a diagram. 

A designates the cylinder of a gas-engine, 
B the piston, and © the piston-rod. Other 
parts of the engine are omitted from the illus- 
tration as unnecessary to an understanding 
of the invention. 

On the piston-rod C is a commutator or cir- 
euit-controller upon which bear the terminals 
a b of an electric circuit D. This commuta- 
tor comprises a continuous ring c anda split 
ring d side by side, so that when the termi- 
nals are on the latter the circuit is inter- 
rupted, but when on the former it is closed. 
The to-and-fro movement of the piston, there- 
fore, operates to alternately make and break 
the circuit, the position of the commutator 
being such that the make occurs at the mo- 
ment desired for the ignition of the explosive 
charge under the piston. 


In the circuit D is a battery or other source. 


of current Е and the primary F of a trans- 
former. Across the two conductors of the 
circuit, between the battery and the primary 
E, is a condenser G, which is charged by the 
battery when circuit D is interrupted at the 
commutator and which discharges through 
the primary when such circuit is closed. 

In order that the condenser may receive a 
charge of high tension, a self-induetion coil 
H is introduced in the circuit between itself 
and the battery, which coil stores up the en- 
ergy of the battery when the circuit D is 
closed at the commutator and discharges it 
into the condenser when the circuit is broken. 

The primary F is combined with a second- 
ary K, the conductors from which lead, re- 
spectively, to an insulated terminal L within 
the cylinder A and to any other conducting- 
body in the vicinity of such point as to the 
cylinder itself. In consequence of this ar- 


rangement, when the piston reaches the 


proper point the circuit D is closed, the en- 
ergy of the condenser is discharged through 
the primary with a sudden rush, and a strong 
and effective spark or flash is produced be- 
tween the point Land the cylinder or piston 
which ignites the charge of explosive gas. 

It will be understood from the preceding 
description that I do not limit myself to the 
specific construction or arrangement of the 
devices employed in carrying out my im- 
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] provement and that these may be varied 





| 


within wide limits.: 

What I claim is— | 

1. In an apparatus which depends for its 
operation or effect upon the production of a 
sudden electric discharge at a given instant, 


or at predetermined intervals of time, the 


combination with a moving part of said ap- 
paratus of a switch or commutator, a con- 
denser, a charging - circuit for the same, a 
primary circuit through which the condenser 
discharges, and a secondary circuit in in- 
ductive relation to the said primary circuit 
and conneeted with the terminals at the point 
in the apparatus where the discharge is re- 
quired, the switch or commutator being op- 
erated by the said moving part to effect the 
diseharge of the condenser at the proper in- 
tervals, as set forth. 

2. In an apparatus which depends for its 
operation or effect upon the production of a 
sudden electric discharge at a given instant, 
or at predetermined intervals of time, the 
combination with a moving part of said ap- 
paratus of a circuit and a circuit-controller 
adapted to close said circuit at the time when 
the occurrence of said discharge is desired, a 
source of current in said circuit, a condenser 
adapted to be charged by said source while 
the circuit is interrupted, and a transformer 
through the primary of which the condenser 
discharges when the circuit is closed, the sec- 
ondary of the transformer. being connected 
with the terminals at the point in the appa- 
ratus where the discharge is required, as set 
forth. 

3. In an apparatus which depends for its 
operation or effect upon the production of an 
electric discharge, at a given instant, or at 
predetermined intervals of time, the combi- 
nation with a moving part of said apparatus 
of a circuit and a cireuit-controller adapted to 
close said circuit atthe time when the occur- 
rence of the spark is desired, a source of 
current in said circuit, a self-induction coil 
which stores the energy of the source while 
the circuit is closed, a condenser into which 
said coil discharges when the circuitis broken, 
and a transformer through the primary of 
which the condenser discharges, the second- 
ary of said transformer being eonnected with 
separated terminals at the point where the 
discharge is required. 


4. In a gas or explosive engine of the kind. 


described, the combination with a moving 
part of said engine of a circuit-closer or switch 
controlling the charging and discharging of 
a condenser, separated terminals in the cylin- 
der or explosive-chamber, and a transformer 
through the primary of which the condenser 
discharges, the secondary being connected 
with the terminals in the cylinder,asset forth. 


NIKOLA TESLA. 


Witnesses: 
M. Lawson DYER, 
EDWIN DB. HOPKINSON. 
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To all whom it may concern: ' 

Beit known that 1, NIKOLA TESLA, a citizen 
of the United States, residing at New York, in 
the county and State of New York, have in- 
vented certain new and useful Improvements 
in Electric-Circuit Controllers, of which the 
following is a specification, reference being 
had to the drawings accompanying and form- 
ing à part of the same. 

In previous patents granted to me I have 
shown and described methods and apparatus 
forthe conversion and utilization of electrical 
eurrents of very high frequency based upon 
the principle of charging a condenser or a cir- 
cuit possessing capacity and discharging the 
same generally through the primary of a tr ans- 
former, the secondary of which constituted 
the source of working current and under such 
conditions as to yield a vibrating or rapidly- 
intermittent current. 

In some of the forms of apparatus which I 

have heretofore devised for carrying out this 
invention I have employed a mechanism for 
making and breaking an electric circuit or 
branch thereof for the purpose of charging 
and discharging the condenser, and my pres- 
ent application is based upon a novel and 
improved form of device for this purpose, 
which may be gener ally styled a.“ circuit-con- 
troller.” 

In order that the full advantages of my sys- 
tem may be realized and the best practical 
results secured, the said . cireuit- controller 
should be capable of fulfilling certain require- 
ments, the most important among which is 
the capability of effecting an extremely- -rapid 
interruption and completion of the circuit. 
It is also of importance that such makes and 
breaks,and more especially the former,should 
be positive and abrupt, and from considera- 
tions of economy and practicability it is es- 
sential that the apparatus should be cheaply 
constructed, not liable to derangement, and 
capable of prolonged use without attention 
or adjustment. With the object of attain- 
ing these results,which have never heretofore 
been fully attained in any form of mechan- 
ical circuit-controller of which I am aware, I 
devised and developed the circuit-controller 
which forms the subject of my present appli- 
cation and which may in general terms be de- 
scribed as follows: 


."The device in its typical embodiment com- 


' prises as essential elements two terminals— 
one with peripheral contacts alternating with 
‘insulating-spaces, such as is exemplified in a 
istelliform disk and which is capable of rota- 
tion, and the other a rotatable receptacle con- 
taining a fluid in which more or less of the 


first-named terminal is immersed. 

- In the preferred construction of the appa- 
ratus the receptacle contains both a conduct- 
ing and a non-conducting fluid, the former 
being the heavier, and I maintain the termi- 
nals in such relations that the electrical con- 


nection between them is mađe and broken’ 


by the successive immersion of the contact- 
points into and their withdrawal from the 
conducting through the non-conducting fluid. 
These relations are. best maintained by such 


‘construction of the receptacle that the dis- 


tribution of: the two fluids necessary for the 
proper operation of the device may be pre- 
served by centrifugal action and the rotation 
of the other terminal effected by the move- 
ment of the fluid or fluids relatively thereto. 

To secure the conditions necessary for the 
accomplishment of the objects of the inven- 
tion, various mechanical expedients may be 
resorted to; but the bestand most practicable 
device for the purpose of which I àm aware 
is a hollow wheel or drum mounted so as to 
be rotated at any desired speed and contain- 
ing a, conducting fluid, such as mercury or 
an electrolyte, which by the rotation of the 
drum is thrown by centrifugal force outward 
to the inner periphery of the same, and a 
sufficient quantity. ofa lighter non-conducting 
or poorly-conductive fluid, such as water or 
oil, which by the centrifugal action is main- 
tained on the surface of the heavier con- 
ducting fluid and tends to prevent the occur- 
rence of arcs between the contact-points and 
the conducting fluid. 

A central opening is formed in one side of 
the.drum, through which enters an arm car- 
rying a disk with peripheral projections or 
vanes which when the drum is rotated pro- 
ject to a sufficient extent_toward or into the 
conducting fluid to effect the makes and 
breaks of the circuit. 

The motion.of the fluid within the drum 


. causes the disk. to rotate and its projections 


or vanes to make and break the circuit with 
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arapidity which may be very great. In fact, 
when the drum is rotated at a high rate of 
speed the fluid conductor may become in its 
effect similar to a solid body, upon which the 
conducting-disk rolls, so that the conducting 
fluid might be dispensed with, although I 
find it preferable to use it. 

. .In order to insure the proper immersion of 
the projections into the fluid to compensate 
for wear and at the same time to secure a 
yielding pressure between the fluid and the 
disk, it is desirable to employ for the disk 
some form of spring connection or support 
which will exert a force tending to force it in 
contact with the fluid. 

I have also devised certain details of con- 
struction which add to the efficiency and prac- 
ticability of the apparatus which will be more 
conveniently described by reference to the ac- 
companying drawings. 

Figure 1 is a side elevation of a complete 
apparatus for producing currents of high fre- 
quency and to which my present invention 
isapplied. Fig. 2 isa central vertical section 
of the improved cireuit-controller of Fig. 1; 
Fig. 3, an end view of the same; Fig. 4, a 
modified form of the.cireuit-controller, show- 
ing it in connection with the remaining parts 
of the apparatus illustrated diagrammatie- 
ally; and Fig. 5, a side view of the same with 
the receptacle in section. 

As the apparatus as a whole is now well 
known, a brief description of the same will 
suffice for an understanding of its character. 

The various parts or devices are preferably 
mounted on a base B, which contains the con- 
denser, and comprise a transformer A with 
primary and secondary coils, one or more self- 
induction coils C, a small electromagnetic 
motor D, and the cireuit-eontroller, which is 
driven. bythe motor. The circuit connections 
will be described in connection with Fig. 5. 

In general plan of construction and arrange- 
ment the apparatus is essentially the same as 
that described and shown in a patent granted 
to me September 22, 1896, No. 568,170. 

The shaft of the motor D extends through 
a Stationary disk E, and to its end is keyed a 
hollow wheel or drum F, which rotates with 
it. Two standards G are secured to the disk 
E and connected by a cross-bar H, from which 


extends an arm K into the interior of the | 


drum F through a central opening in its side. 

To the end of the arm K is secured an arm 
L, earrying at its free end a disk M with pe- 
ripheral teeth or projections N, as shown in 
Fig. 3. The disk is mounted on any suitable 
bearings in the arm L, so as to be capable of 
free rotation. 

It is desirable that the disk should admit of 
adjustment with respeet to the inner periph- 
eral surface of the drum, and for this purpose 
I secure the arm K toa rod O, which passes 
through supports in the cross-bar H and is ad- 
justable therein by means of threaded nuts P. 

The interior of the drum F is formed by 
preference in substantially the manner shown 








in Fig. 2—that is to say, it is tapered or con- 
tracted toward the periphery so as to form a 
narrow trough in which the fluid is confined 
when the drum is rotated. 

R designates the conducting fluid, and S 
the lighter non-conducting fluid, which are 
used in the drum. If the proper quantities 
and proportions of these fluids be introduced 
into the drum and the latter set in rapid rota- 
tion, the two fluids will distribute themselves 
under the action of centrifugal force around 
the drum in the manner indicated in Fig. 2. 
The arm K is adjusted so that the teeth or 
projections on the disk M will just enter the 
conducting fluid, and by the action of either 
or both the disk will be rapidly rotated. Its 
teeth are so arranged that no two are simul- 
taneously in contact with the conducting 
fluid, but come into the same successively. 
If, therefore, one part of the circuit be con- 
nected to the drum, as by a contact strip or 
brush T, and the other part to the disk M, 
or to any part, as the standards G, which are 
insulated from the frame of the apparatus 
and in metallic connection with the disk M, 
the circuit will be made and broken with a 
rapidity which may obviously be made enor- 
mously high. The presence of the non-con- 
ducting fluid on the surface of the other 
operates to prevent the occurrence of sparks 
as the teeth N leave the latter and also to 
prevent the current from leaping across the 
space between the teeth and the conductor 
as the two approach. 

In illustration of the modifications of which 
the improvement is susceptible I now refer 
to Figs. 4 and 5, in which also certain novel 
and useful details of construction applicable 
generally to the invention are shown. 

In the modification shown in Figs. 4 and 3 
two rigid arms L and L’, each carrying a disk 
M, are shown, and this number may be in- 
creased, if so desired. The rotating disks in 
this case are mounted on spindles at right 
angles to the axis of rotation of the drum F, 
and the contact points or projections are 
formed as vanes, with faces inclined to the 
plane of rotation, so as to be rotated by the 
movement of the fluid in the manner of tur- 
bine wheels. 

In order to provide a means for automat- 
ically adjusting the disks to compensate for 
any wear and keep the ends of the vanes or 
points properly immersed in the fluids, each 
disk-carrying arm is impelled by a spring or 
weight in the direction of the periphery of 
the drum. A convenient way to accomplish 
this is to form racks on the arms L L’ and to 
provide a pinion b in engagement therewith. 
From the shaft of the pinion extends an arm 
c, the end of which is connected to an adjust- 
able stop d by a spiral spring e, the tendency 
of which is to turn the pinion and force both 
arms L and L’ toward the periphery of the 
drum. 

In some applications of the invention it is 
practicable to prevent the occurrence of ares 
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still more effectively or even entirely. by | 


using in addition to the non-conducting fluid 
a somewhat heavier fluid W, which is a com- 
paratively poor conductor and which takes 
up a position between the conducting and 
non-conducting fluids. f 

When two or more disks or equivalent de- 
vices are used, they may be connected either 
in series or multiple. In the present illus- 
tration they are shown as in series, and as 
the arms L and L’ are insulated from each 
other and each connected with a terminal of 
the source of current the circuit is completed 
only when a vane of each disk is immersed 
in the conducting fluid and interrupted at 
all other times. . 

The diagram of circuit connections will 
serve toillustrate the purpose and mode of op- 
eration of the device. Let f f be the con- 
duetors from a source of eurrent, each inelud- 
ing a self-induction coil C C' and connected 
with the arms L and L’ and with two con- 
ductors B’ B”, respectively. . Then during 
the periods when the circuit is completed be- 
tween the two arms L L’ the coils © C store 
energy, which on the interruption of said cir- 
cuit rushes into and charges the condensers. 
These latter during the periods when the 
circuit is closed between arms L and L’ dis- 
charge through the primary A’ and induce 
by such discharge currents in the secondary 
A", which are utilized for any purpose for 
which they may be suited, as in operating 
vacuum-tubes X or suitable lamps Y. 

It will be understood that the rotating drum 
may be mounted in a horizontal or other plane 
and from the nature and objects of the re- 
sults which are attained by the particular 
apparatus described the construction of this 
apparatus may be very greatly varied with- 
out departure from my invention. 

Without therefore limiting myself to the 
details of construction and arrangement 
shown herein in illustration of the manner 
in which my invention is or may be carried 
out, what I claim is— | 

1. A circuit-controller comprising, in com- 
bination, a receptacle containing a. fluid, 
means for rotating the receptacle,and a termi- 
nal supported independently of the receptacle 
and adapted to make and break electric con- 
nection with the receptacle through the fluid, 
as set forth. 

2. A circuit-controller comprising іп сош- 
bination a receptacle containing a conducting 
fluid and a non-conducting fluid, means for 
rotating the receptacle and a terminal adapt- 
ed to make and break electrical connection 
with the conducting fluid within or under the 
non-conducting fluid, as set forth. — 

3. A circuit-controller comprising in com- 
bination a terminal capable of rotation and 
formed or provided with peripheral contacts, 
a receptacle comprising the opposite terminal 
and containing a fluid into which the said 
contacts extend, and means for rotating the 
receptacle, as set forth. ` 





©? 


4. Ácireuit-controller, comprising, in com- 
bination, a terminal capable of rotation and 
formed or provided with peripheral projee- 
tions, a receptacle containing a fluid. con- 
ductor into which the points or projections of 
the said conductor extend, and means for ro- 
tating the said receptacle, as set forth. 

5. A circuit-controller comprising, in com- 


‘bination, a terminal capable of rotation and 


formed or provided with peripheral projec- 
tions, 4 centrifugal drum or wheel containing 
a fluid conductor into which the points or 
projections of the said ‘conductor extend, 
and means for rotating the said drum, as set 
forth. 

6. A cirenit-controller comprising, in com- 
bination, a terminal capable of rotation and 
formed or provided with peripheral projec- 


tions, a centrifugal drum or wheel containing. 


a fluid conductor into which the points of the 
said terminal extend, and means for adjust- 
ing the latter with relation to the surface of 
the fluid, as set forth. 

7. A cireuit-controller comprising, in com- 
bination, a terminal having peripheral projec- 
tions and capable of rotation, a centrifugal 
drum or. receptacle containing a conducting 
and a lighter non-conducting fluid, the said 
terminal being arranged so that its points or 
projections extend through the non-conduct- 
ing into the conducting fluid, when the fluids 
are distributed.in the drum under the action 
of centrifugal force, as set forth. 

8. The combination with a hollow centrifu- 
gal drum or wheel containing a conducting 


fluid, a motor for: rotating the same, a sup-. 


port extending through an opening into, the 
drum, and a rotatable terminal having pe- 
ripheral projections, mounted on said support 
in position in which its projections extend 
into the fluid when displaced by centrifu- 
gal action, as set forth. ' 


9. 'The combination with a receptacle con- 


taining a fluid and means for rotating the 
same, a terminal with peripheral projections 
capable of rotation, and a spring connection 
or support for said terminal tending to force 


it toward the periphery of the receptacle, as. 


set forth. 
10.. The combination with a hollow eentrifu- 


gal drum or wheel containing a conducting 


fluidand a lighter non-conducting fluid,means 
for rotating the said drum, a support extend- 
ing through an opening into the drum, and a 
rotatable terminal having peripheral projec- 
tions, mounted on said support in position in 
which the projections extend through the 
non-conducting into the conducting fluid 
when the fluids are displaced by centrifugal 
action, as set forth. . ' 
ll. The combination with a centrifugal 
drum containing a conducting and a non-con- 
ducting fluid, means for rotating the drum, 
a terminal capable of rotation and having 
peripheral projections, mounted within the 
drum. on a. stationary support, and a spring 
or its equivalent acting on the said terminal 
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and tending to force its projections toward | tween the conducting and non-conducting 
theinner periphery of said drum, asset forth. | fluid through the intermediate fluid of low ro 
12. The combination with a receptacle con- | conductivity, as set forth. 


taining a conducting fluid, a lighter fluid of + 

low conductivity and a non-conducting fluid NIKOLA TESLA. 
lighter than the others, and means for rotat- Witnesses: 

ing the receptacle, of a terminal adapted to M. Lawson DYER, 

make and break the circuit by movements be- | PARKER W. PAGE. 
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UNITED STATES 
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SPECIFICATION forming part of Letters Patent No. 611,719, dated October 4, 1898. 
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To all whom it may concern: 

Be it known that I, NIKOLA. TESLA, resid- 
ing at New York, in the county and State of 
New York, have invented certain new and 
useful Improvements in Electrical- Circuit 
Controllers, of which the following isa speci- 
fieation, reference being had to the drawings 
accompanying and forming part of the same. 

In order to secure a more efficient working 
of circuit-controllers, particularly in their 
use in connection with my system of elec- 
trical-energy conversion by means of con- 
denser discharges, I have devised certain 
novel forms of such appliances, comprising 
as essential elements a body of conducting 
fluid constituting one of the terminals, a con- 
ductor or series of conductors forming the 
other terminal, and means for bringing the 
two into rapidly -intermittent contact with 
each other. These devices possess many de- 
sirable qualities, particularly that of being 
eminently adapted for making and breaking 
аб а very rapid rate an electric circuit and 
thus reducing to a minimum the time of pas- 
sage of the current through an arc or path of 
high resistance and diminishing thereby the 
losses incident to the closure and interrup- 
tion of the circuit. Continued experimenta- 
tion with these appliances has led me to make 
further important improvements by causing 
the make-and-break to be effected in an inert 
medium of very high insulating power. 

It is a fact, whieh was fully demonstrated 
by Poggendorff and utilized by him to im- 
prove the operation of induction-coils, that 
when the contact-points of a circuit-breaker 
are inclosed in a vessel and the latter ex- 
hausted to a high degree the interruption of 
the current is rendered more sudden, as if a 
condenser were connected around the break. 
Furthermore, my own investigations have 
shown that under such conditions the closure 
also is more sudden, and this to even a greater 
degree than the break, which result attribute 


to the high insulating quality of the vacuous 


space, in consequence of which the electrodes 
may be brought in very close proximity be- 
forean are can be formed between them. Ob- 
viously these facts may be utilized in con- 
nection with my novel .circuit-controllers; 
but inasmuch as only a very moderate im- 
provement is secured in this manner and as 








the high vacuum required is quickly de- 
stroyed and cannot be maintained, unless by 
a continuous process of rarefaction and other 
inconvenient measures, I have found it desir- 
able to employ more effective and practical 
means to increase the efficiency of the de- 
vices in question. The measures I have 
adopted for this purpose have resulted from 


my recognition of certain ideal qualifications 


of the medium wherein to effeet à make-and- 
break. These may be summed up as fol- 
lows: First, the medium by which the contact- 
points are surrounded should have as high 
an insulating quality as possible, so that the 
terminals may be approached to an ex- 
tremely short distance before the current 
leaps across the intervening space; second, 
the closing up or repair of the injured dielec- 
tric, or, in other words, the restoration of the 
insulating power, should be instantaneous in 
order to reduce to a minimum the time dur- 
ing which the waste principally occurs; third, 
the medium should be chemically inert, so as 
to diminish as. much as possible the deterio- 
ration of the electrodes and to prevent chem- 
ical processes which might result in the de- 
velopment of heat or, in general, in loss of 
energy; fourth, the giving way of the me- 
dium under the application of electrical pres- 
sure should not be of a yielding nature, but 
should be very sudden and in the nature of 
a crack, similar to that of a solid, such as a 
piece of glass when squeezed in a vise, and, 
fifth, most important, the medium ought to 
be such that the are when formed is restricted 
to thesmallest possible linear dimensions and 
is not allowed to spread or expand. As a 
step in the direction of these theoretical re- 
quirements I have employed in some of my 
circuit-controlling devices a fluid of high in- 
sulating qualities, such as liquid hydrocar- 
bon, and caused the same to be forced, pref- 
erably with great speed, between the ap- 
proaching and receding contact-points of the 
cireuit-controller. By the use of such liquid 
insulator a very marked advantage was se- 
cured; but while some of the above require- 
ments are attained in this manner certain 
defects still exist, notably that due to the 
fact that the insulating liquid, in common 
with a vacuous space, though in a less de- 
gree, permits the are to expand in length and 
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thickness, and thus pass through all degrees 
of resistance and causing a more or less con- 
siderable waste of energy. "loovercome this 
defect and to still more nearly attain the the- 
oretical conditions required for most efficient 
working of the circuit-controlling devices, I 
have been finally led to use a fluid insulating 
medium subjected to great pressure. 

The application of great pressure to the me- 
dium in which the make-and-break is made 
secures a number of specific advantages. 
One of these may be obviously inferred from 
well-established experimental facts, which 
demonstrate that the striking distance of an 
are is approximately inversely proportional 
to the pressure of gaseous medium in which 
it occurs; butin view of the fact that in most 
cases occurring in practice the striking dis- 
tance is very small, since the difference of 
potential between the electrodes is usually 
not more than a few hundred volts, the eco- 
nomical advantages resulting from the reduc- 
tion of the striking distance, particularly on 
approach of the terminals, are not of very 
great practical consequence. By far the 
more important gain I have found to result 
from an effect which I have observed to fol- 
low from the action of such a medium when 
under pressure upon the arc—namely, that 
the cross-section of the latter is reduced ap- 
proximately in an inverse ratio to the pres- 
sure. As under conditions in other respects 
the same the waste of energy inan arcis pro- 
portional to its cross-section, avery important 
gainin economy generally results. A feature 
of great practical value lies alsoin the fact that 
the insulating power of the compressed me- 
dium is not materially impaired even by con- 
siderable increase in temperature, and, fur- 
thermore, that variations of pressure between 
wide limits do not interfere notably with the 
operation of the cireuit-controller, whereas 
such conditions are fatal drawbacks when, 
for instance, Poggendorfi’s method of insu- 
lating the terminals is used. In many other 
respects, however, a gas under great com- 
pression nearly fulfils the ideal requirements 
above mentioned, as in the sudden breaking 
down and quick restoration of the insulating 
power, and also in chemical inertness, which 
by proper selection of the gas is easily secured. 

In carrying out my invention the medium 
under pressure may be produced or main- 
tained in any proper manner, the improve- 
ment not being limited in this particular to 
any special means forthe purpose. I prefer, 
however, to secure the desired result by in- 
closing the circuit-controller, or at least so 
much of the same as shall include the termi- 


nals, in a chamber or receptacle with which ` 


communicates a small reservoir containing a 
liquefied gas. For purpose of illustration 
this particular manner of carrying out the 


invention is described herein. 


While the improvement is applicable gen- 
erally to cirenit-controllers, the best results 
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a high relative speed between the terminals 
is obtainable, and with this special object in 
view I have devised a novel circuit-controller 
which, though belonging to the class of which 
J have shown a typical form in my applica- 
tion for patent filed December 2, 1597, Serial 
No. 660,518, differs in certain particulars of 
construction, which will be understood from 
the following comparison: In the previously- 
described form of said circuit-controllers a 
rotary receptacle, carrying within it a series 
of spaced conductors, is driven at a highspeed 
by a suitable motor. Mounted within and 
concentrically with the receptacle, but capa- 
ble of free independent rotation with respect 
thereto, is a body which during the rotation 
of the receptacle is retarded or restrained 
against rotation by the application of a suit- 
able force. This body carries a tube or duct 
which takes up at one end a fluid conductor 
contained in the receptacle and rotating with 
the same and discharges it from the other 
end against the rotating spaced conductors. 

While an apparatus thus constructed is 
very efficient and performs the work required 
of it in a highly-satisfactory manner, it is 
nevertheless subject to certain limitations, 
arising mainly from the amount of work which 
the conducting fluid is required to perform 
and which increases with the speed. With 
the object of overcoming objections that 
might lie to this form of circuit-controller in 
the particular referred to, I devised the form 
of instrument shown herein. The features 
which more particularly distinguish this form 
are the following: I employ a closed station- 
ary receptacle within which is mounted a 
body that is capable of being rotated in any 
way—as, for example, by the drag or pull 
upon it of an external field of force or a mag- 
net rotated bodily. The rotary body imparts 
rotation to a series of spaced couductors 
within the receptacle and also operates as a 
pump to maintain a flow of conducting fluid 
through one or morestationary ductsand from. 
the same against the rotating conductors. 

The details of this apparatus will be de- 
scribed by reference to the accompanying 
drawing, which is a vertical central section 
of the circuit-controller complete. 

A is a receptacle, of iron, steel, or other 
proper material, with a head DB, secured by a 
gas-tight insulating-joint. Within this re- 
ceptaele is eontained the cireuit-controller, 
which, in so far as the main feature of my 
present invention is concerned, may be of any 
desired construction, but which, for the rea- 
son stated above, is of the special character 
shown. A spindle C is screwed or otherwise 
secured centrally in the head D, and on this 
is mounted on antifrietion-bearings a body 
to whieh rotary motion may be imparted. 
The construction of the device in this particu- 
lar and the means for imparting rotation to 
the said body may be greatly varied; but a 
convenient means for accomplishing this is 


will be secured by the use of devices in which | to secure to the rotary sleeve D a laminated 
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magnetic core E and place around the portion 
of the head B which contains if a core FE, 
provided with coils and constituting the pri- 
mary element of a motor capable of produc- 
ing a rotary field of force which will produce 
a rapid rotation of the secondary element or 
соге Е. To the depending end of the sleeve 
D is secured a conductor G, usually in the 
form of a disk with downwardly-extending 
teeth or peripheral projections H. To the 
sleeve or the disk G is also attached, but in- 
sulated therefrom, a shaft T, having a spiral 
blade and extending down into a well or cy- 
lindrical recess in the bottom of the recepta- 
ele. One or more ducts or passages J lead 
from the bottom of this well to points near 
the path of the conducting-teeth II, so that 
by the rotation of the screw I a conducting 
fluid, which runs into the well from the recep- 
tacle, will be forced up through the duet or 
ducts, from which it issues in a jet or jets 
against the-rotating conductor. _ To facilitate 
this operation, the well is surrounded by a 
flange K, containing passages L, which per- 
mit the conducting fluid to flow from the re- 
eeptaele into the well, and having beveled 
sides which serve as a shield to deflect the 
fluid expelled from the ducts through the 
spaces in the conductor to the bottom of the 
receptacle. 

Mis any suitable reservoir communicating 
with the interior of the main receptacle and 
containing a liquefied gas, such as ammonia, 
which maintains a practically inert atmos- 
phere under pressure in the receptacle.’ 

Preferably, though mainly as a matter of 
convenience, the receptacle M isa metal cup 
with a hoilow central stem N, the opening 
for the passage of gas being controlled by a 
screw-valve in the top of the cup. The said 
cup is screwed onto the end of the spindle 
C, through which is a passage O, leading into 
the interi ior of the receptacle A. 

"The receptacle À and the conducting fluid, 
which is generally mercury, being normally 
insulated from the head B and the parts at- 
tached and supported thereby, are connected 
to one part of the circuit to be controlled. 
The other circuit connection is made by a con- 
ductor P to any- part of the head, so that 
when the core E and conductor G are rotated 
the circuit will be completed between the 
two insulated parts of the receptacle through 
the jet or jets of conducting fluid whenever 
they impinge upon the said conductor. _ 

To insure a good electrical connection be- 


tween the sleeve D and the spindle C, I pro- 
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vide in the former a small chamber R, which 
contains mercury, and into this the 'end of 
the spindle C extends. 


The special advantages of this particular’ 


form of circuit-controller heretofore referred 
to will now more readily appear. The mass 
and weight of the rotating parts are greatly 
reduced and avery high speed of rotation ob- 
tained with small expenditure of energy. 


©з 


| The power required to maintain the jets of 
conducting fluid is, moreover, very small. 
Having now described my invention, what 
i I claim is— 

1. The combination with a closed recepta- 
cle, of a cireuit-controller contained therein 
and surrounded by an inert insulating me- 
dium under pressure. 

2. The combination with a closed recepta- 
cle, of a cireuit-controller contained therein 
and means for maintaining within said recep- 
tacle an inert atmosphere under pressure. 

3. The combination with a closed recepta- 

ele, of a circuit-controller contained therein, 
and a vessel containing a liquefied inert gas, 
and communicating with the interior of the 
receptacle. 
. 4. The combination with a eireuit-control- 
ling mechanism, one part or terminal of which 
is a conducting fluid, such as mercury, of a 
receptacle inclosing the same and means for 
maintaining an inert gas under pressure in 
the receptacle. 

5. The combination with a conductor or se- 
ries of conductors constituting one terminal 
of a circuit-controller, means for maintaining 
a stream or jet of conducting fluid as the 
other terminal with which the conductor 
inakes intermittent contact, a close recepta- 
cle containing the terminals, and means for 
maintaining an inert atmosphere under pres- 
sure in the receptacle. 

6. A device for making and breaking an 
electric circuit comprising, in combination, 
means for maintaining a jet or stream of con- 
ducting fluid which constitutes one terminal, 
a conductor or conductors making intermit- 
tent contact with the jetand constituting the 
other terminal and a receptacle inelosing and 
excluding oxygen fronr the said terminals. 

7. The combination with a receptacle, of 
a conductor or series of spaced conductors 
mounted therein, a motive device for rotat- 
ing said conductors, one or more nozzles for 
directing a stream or jet of fluid against the 
conductor, and a force-pump in direct con- 
nection, with the conductor for maintaining a 
circulation of conducting fluid contained in 
the receptacle through the nozzle or nozzles, 
the conductor and the fluid constituting re- 
spectively the terminals ofa cireuit-controller. 

8. Thecombination of a casing, a conductor 
or series of spaced conductors mounted there- 
in, a motor for rotating the same, one or more 
ducts or channels from a receptacle contain- 
ing a conducting fluid and directed toward 
the conductors, and a screw operated by the 
motor for forcing the conducting fluid through 
the duct or ducts against the conductors, the 
conductors and the fluid constituting the ter- 
minals of an electric-circuit controller. 

9, The combination with a receptacle con- 
taining a conducting fluid, of a conductor 
mounted within the receptacle, means for ro- 
tating the same, a screw rotating with the 
i conductor and extending into a well in which 
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the fluid collects, and a duct or ducts leading 
from the well to points from which the fluid 
will be directed against the rotating con- 
ductor. 

10. The combination with the receptacle, 
of a spindle secured to its head or cover, a 
magnetic core mounted on the spindle within 
the receptacle, means for rotating said core, 
a conductor rotated by the core, and a pump- 
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ing device, such as a screw rotated by the 1o 
core and operating to maintain a jet or jets 

of conducting fluid, against the conductor, 
when in rotation. 


5 NIKOLA TESLA. 
Witnesses: f 
M. LAwsoN DYER, 

G. W. MARTLING. 
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UNITED STATES 


PATENT Órrnck. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


ELECTRIC«CIRCUIT CONTROLLER. 


SPECIFICATION forming part of Letters Patent No. 613,735, dated November 8, 1898. 
Application filed April 19,1898, Serial No. 678,127, (No model.) 


To ali whom it may concern: 

Be it known that I, NIKOLA TESLA, resid- 
ing at New York, in the county and State of 
New York, have invented certain new and 
useful Improvements in Electrical- Circuit 
Controllers, of which the following is a speci- 
fication, reference being had to the drawings 
accompanying and forming a part of the 
same. 

In the electrical system or combination of 
apparatus for the conversion of electrical en- 
ergy by means of the discharges of a condenser 
invented and heretofore described by me the 
means employed formaking and breaking the 
electric circuit, though performing a subor- 
dinate function, may “from the peculiar con- 
ditions which exist become ahighly important 
consideration, not only as regards their prac- 
ticability and durability, but also the econ- 
omy in the operation of the system or appa- 
ratus. Of such importance is this consider- 
ation that for the most efficient and reliable op- 
eration of my said system I have found it nec- 
essary to devise special appliances for mak- 
ing and breaking the circuit which differ ma- 
terially i in construction and mode of opera- 
tion from any previously-existing devices of 
this character of which Iam aware. In the 
forms of such apparatus which I have pro- 
duced at least one of the terminals is a con- 


ducting fluid, while the other is usually a solid 


conductor or series of conductors, both being 
preferably inclosed in a gas-tight receptacle 
and brought by rotary movement into rap- 
idly intermittent contact. Ihaveshown and 
described typical forms of such circuit-con- 
trollers in applications Serial No. 660,518, 
filed December 2, 1897; Serial No. 639, 297, 
filed June 3, 1897, and Serial No. 671, 897, 
filed February 28, 1898. 

The invention, subject of my present ap- 
plieation, pertains to apparatus of this class 
and involves certain improvements in the 
construction and mode of operation of the 
same which have primarily for their object 
to secure a greater relative speed between the 
two terminals, whereby the periods of make- 
and-break, during which occurs the chief loss 
of energy, may be materially shortened and 
also a higher frequency of current impulses 
secured. A brief consideration of the forms 
of eireuit-controller of this general kind which 








I have heretofore shown and described will 
conduce to a better understanding of the prin- 
ciples followed.in the construction of the ap- 
paratus upon which my present application 
is based and of the primary. object which I 
have in view—to increase the relative speed 
of the two terminals in approaching and re- 
ceding from each other. 

In some forms of the circuit - controllers 
heretofore described by me I employ a closed 
receptacle capable of being maintained in 
rapid rotation. Within this receptacle is 
mounted a body the rotation of which is re- 
tarded or prevented and which carries a tube 
or duct which takes up a conducting fluid 
from the receptacle when the latter is rotated 
and directs the said fluid against a conductor 
or series of spaced conductors carried by the 
rotating receptacle.. This apparatus, while 
effective toa high degree and possessing many 
advantages over previously- -existing forms, is 
nevertheless subject to certain limitations as 
to efficiency, having regard to the speed at 
which the receptacle is rotated, for not only 
may an undue loss of energy result from ro- 
tating the receptacle, but also from the un- 
necessarily-rapid movement of the conduct- 
ing fluid. With a view to improving the ap- 
paratus in these particulars I devised forms 
in which the receptacle was stationary and 
the interior terminal conductor rotated, and 
by this means I reduced the mass and weight 
of the moving parts. I also employed a de- 
vice in the nature of a pump, which formed 
a part of the circuit-controller proper and 
was operated by the motor used for rotating 
the conductor, and thus maintained a flow of 
conducting fluid from ducts in the receptacle 
against the rotating conductor with no greater 
speed than required for efficient operation. 
By such an apparatus it is not only possible 
to secure a higher relative speed between the 
two terminals, but to do this with a smaller 
expenditure of mechanical energy. To still 
further increase the relative speed of the 
terminals, I now provide for rotating each of 
the terminals with respect to the other, so 
that the rate of mutual contact is very greatly 
increased. 

Obviously various means may be employed 
for rotating the conductors, or, in general, the 
two essential parts which by their movement 
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produce a make and break; but in the an- 
nexed drawings I have only shown such forms 
of the apparatus as best illustrate the pres- 
ent improvement. 

Figure 1 is a central vertical section of a 
cireuit-controller comprising a conductor or 
series of conductors forming one terminal 
and means for maintaining a jet or jets of 
condueting fluid constituting the other ter- 
minal, which are arranged to be rotated in 
opposite directions. Fig. 2 is a similar view 
of a modified form of circuit-controller. 

A designates a casting of cylindrical form 
within which is a standard or socket B, in 
which is mounted a vertical spindle C, car- 
rying the circuit-controlling mechanism. The 
said mechanism is contained in a receptacle 
D, of iron or steel, the top or cover of which 
is composed of an annular plate E and a eap 
or dome F, the latter being of insulating ma- 
teriaLor of a metalof comparatively high spe- 
cific resistance, such as German silver. The 
receptacle D as a whole is made air-tight 
and. any suitable means may be employed 
to effect its rotation, the particular device 
shown for this purpose being an electromag- 
netic motor,one element, G, of which issecured 
to the spindle € or receptacle D and the other, 
Н, ёо ће box or case A. Within the recepta- 
cle D and secured to the top of the same, but 
insulated therefrom, is a circular conductor 
K, with downwardly-extending projections or 
teeth L. This conductor is maintained in 
electrical connection with a plate M outside 
of the receptacle by means of screws or bolts 
N, passing through insulated gaskets in the 
top of the receptacle D. Within the latter 
is a standard or socket O, in whichis mount- 
ed a spindle P, concentric with the axis of the 
receptacle. 

Any suitable means may be proviđed for 
rotating the spindle P independently of the 
receptacle D; but for this purpose I again 
employ an electromagnetic motor, one ele- 
ment, Q, of which is secured to the spindle P 
within the receptacle D and the other, R, is 
secured to the box A and surrounds the cap 
or dome F, within which is mounted the ar- 
mature Q. | . 

Depending from thespindle P or the arma- 
ture Q is a cylinder S, to which are secured 
arms T T, extending radially therefrom and 
supporting short tubes or ducts V between 


the peripheral walls of tlie receptacle D and 


the series of teeth or projeetions L. 

The tubes V have openings at one end in 
close proximity to the inner wallof the recep- 
tacle D and turned in a direction opposite to 
that in which the latter is designed to rotate 
and at the other end orifices which are adapt- 
ed to direct a stream or jet of fluid against 
the projections L. 

To operate the apparatus, the receptacle D, 
into which asuitable quantity of conducting 
fluid, such as mercury, is first poured, and 





By the rotation of receptacle D the conduct: 
ing fluid is carried by centrifugal force up 
the sides or walls of the same and is taken up 
by the tubes or ducts V and discharged against 
the rotating conductors L. If, therefore, one 
terminal of the circuit be connected with any 
part of the receptacle D or the metal portions 
of the instrument in electrical connection 
therewith and the other terminal be connect- 
ed to the plate M, the circuit between these 
terminals will be completed whenever a jet 
from one of the ducts V is discharged against 
one of the projections Land interrupted when 
the jets are discharged through the spaces 
between such projections. I have indicated 
the necessary circuit connections by wires X 
and X’, connected, respectively, with a brush 
M', bearing upon the circular plate M, and a 
binding-post X", set in the frame or casing A. 

In Fig. 2 à modified form of apparatus is 
shown and by means of which similar results 
areobtained. In this device the top and bot- 
tom A' of the receptacle are metal plates, 
while the cylindrical portion or sides A” is of 
insulating material, suchas porcelain. With- 
in the receptacle and preferably integral with 
the side walls A” are two annular troughs W 
W', which contain a conducting fluid D', such 
asmercury. Terminals C’ C”,passing through 
the bottom of the receptacle through insulat- 
ing and packed sleeves, afford a means of con- 
necting the mercury in the two troughs with 
the conductors of the circuit. Surrounding 
that portion of the device in which the troughs 
W W’ lie is a core D’, wound with coils D", 
arranged in any suitable and well-known man- 
ner to produce, when energized by currents 
of different phase, a rotating magnetic field 
in the space occupied by the two bodies of 
mercury: To intensify the action, a circular 
laminated core E’ is placed within the recep- 
tacle. If by this or any other means the 
mercury is set in motion and caused to flow 
around in the troughs, and if a conductor be 
mounted in. position to be rotated by the mer- 
eury, and when so rotated to make intermit- 
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tent contact therewith, a circuit-controller - 


may be obtained of novel and distinctive 
character and capable of many useful appli- 
cations independently of the other features 
which are embodied in the complete device 
which is illustrated. For the present purpose 
I provide in the center of the receptacle a 
socket in which is mounted a spindle P’, car- 
rying a disk G'. - Depending from said disk 
are arms II', which afford. bearings for a shaft 
K’, supporting two star-shaped wheels L’ L”, 
arranged to make contact with the mercury 
in the two troughs, respectively. The shaft 
K' is mounted in insulated bearings, so that 
when both wheels are in contact with mercury 
the circuit connecting the terminals С’ С" 
will be closed. The disk G’ carries an annu- 
lar core N’, whichis adapted to be maintained 
in rotation by a core O’ and coils O”, sup- 


the spindles P are both setin rotation by their ; ported outside of the receptacle and prefer- 
respective motors and in opposite directions. 


ably of the same character as those used for 
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imparting rotation to the mercury; but the 
direction of rotation should be opposite to 
that of the mercury. The rate of rotation of 
the wheels L' L" depends upon the rate of 
relative movement of the mercury, and hence 
if the mercury be caused to flow in one direc- 
tion and the wheels be carried bodily in the 


opposite direction the rate of rotation, and 


consequently the frequency of the makes and 
breaks, will be very greatly increased over 
that which would be obtained if the wheels 
L' L” were supported in a stationary bearing. 

It is obvious that by means of devices of 
the character described a rapid interruption 
of the circuit may be effected, while all the 
practical advantages which may be derived 
from inclosing the terminals or contacts in a 
closed receptacle are readily realized to the 
fullest extent. 


Having now deseribed my invention, what 
I claim is— 

1. In a circuit-controller, the combination 
with rigid and fluid conductors adapted to be 


brought intermittently into contact with each . 


other, thereby making and breaking the elec- 
tric circuit, of means for imparting rotary 
motion to both of said conductors, as set forth. 
2. In a cireuit-controller, the combination 
with a receptacle containing a conducting 
fluid, means for imparting a movement of ro- 
tation to the fluid, and a conductor adapted 
to be rotated by the movement of said fluid 
and to thereby make and break electric con- 
nection with the fluid, as set forth. 
NIKOLA TESLA, 


Witnesses: 
M. Lawson DYER, 
G. W. MARTLING. 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS OR VEHICLES. 


SPECIFICATION forming part of Letters Patent No. 613,809, dated November 8, 1898. 
Application fled July 1, 1898. Serfal No, 684,934, (No model.) 


Lo all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, resid ingat New Yòrk, 
in the county and State of New York, have in- 
vented. certain new and useful im provements 
in methods of and apparatus for controlling 
from a distance the operation of the propel- 
ling - engines, the steering apparatus, and 
other mechanism carried by moving bodies or 
floating vessels, of which the following is a 
specification, reference being had to the draw- 
ings accompanying and forming part of the 
same. 

The problem for which the invention form- 
ing the subjeet'of my present application af- 
fords a complete and practicable solution is 
that of controlling from a given point the op- 
eration of the propelling-engines, the steer- 
ing apparatus, and other mechanism carried 
by a moving ‘object, such as a boat or any 
floating vessel, whereby the movements and 
course of such body or vessel may be directed 
and controlled from à distance and any de- 
vice carried by the same brought into action 
at any desired time. So far as I am aware 
the only attempts to solve this problem which 
have heretofore met with any measure of sue- 
cess have been made in connection with a 
certain class of vessels the machinery: of 
which was governed by electric currents con- 
veyed to the controlling apparatus through a 
flexible conductor; but this system is subject 
to such obvious limitations as are imposed by 
the length, weight, and Strength of the con- 
ductor which can be practically used, by the 
difficulty of maintaining with Safety a: high 
speed of the vessel or changing the direction 
of movement of the same with the desired 


rapidity, by the necessity for effecting the. 


control from a point which is practically fixed, 


-and by many well-understood drawbacks in- 


separably connected with sucha system. The 
plan which I have perfected involves none of 
these objections, for I am enabled by the use 
of my invention to employ any means of pro- 
pulsion, to impart to the moving body or ves- 
sel the highest possible speed, to control the 
operation of its machinery and to direct its 
movements from either a fixed point or from 
a body moving and changing its direction 
however rapidly, and to maintain this control 
over great distances without any artificial 


connections between the vessel and the ар» 
paratus governing its movements and with- 
out such restrictions as these must necessarily 
impose. . 

In a broad sense, then, my invention dif- 


fers from all of those systems which provide 
for the control of the mechanism carried by a: 


moving object and governing its motion in 
that I require no intermediate wires, cables, 
or other form of electrical or mechanical соп- 
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60 


nection with the object save the natural me- . 


dia in space. I accomplish, nevertheless, 
similar results and in a mueh more ipraetica- 
ble manner by producing waves, impulses, or 
radiations which are received through the 
earth, water, or atmosphere by suitable ap- 
paratus on the moving body and cause the 
desired actions so long as the body remains 
within the active region or effective range of 
such currents, waves, impulses, or radiations. 

The many and difficult requirements of the 
object here contemplated, involving peculiar 
means for transmitting to a considerable dis- 
tance an influence capable of causing in. a 


positive and reliable manner these actions, 


necessitated the designing of devices and ap- 
paratus of a novel kind in order to utilize to 


‘the best advantage various facts or results, 


‘circuit carried by the moving body. 


which, either through my own investigations 
or those of others, have been rendered prac- 
tically available. | 

As to that part- of my invention which in- 
volves the production of suitable waves or 
variations and the conveying of tbe same to 
a remote receiving apparatus capable of be- 
ing operated or controlled by their influence, 
it may be carried out in various ways, which 
are at. the present time more or less under- 
stood. For example, I may pass through a 
conducting-path, preferably inclosing a large 
area, a rapidly-varying current and by elec- 
tromagnetic induction of the same affect a 
In this 
ease the action ata given distance will be the 


‘stronger the larger the area inclosed by the 
conductor and the greater the rate of change. 


of the current. If the latter were generated 
in the ordinary ways, the rate of change, and 
consequently the distance at.which the action 
would be practically available for the present 
purpose, would be very small; but by adopt- 
ing such means as I have devised—that is, 
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either by passing throu ghthe conducting-path ] 


 eurrents of a specially - designed high - fre- 


ES 


quency alternator or, better still, those of a 


strongly-charged condenser—a very high rate. 


of change may be obtained and the effective 
range of the influence thus extended over а 


vast area, and by carefully.adjusting the cir-. 


cuit on the moving body so as to be'in exact 


`. electromagnetic synchronism with the pri- 


` Io 


mary disturbances this influence may be util- 


ized at great distances. 
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‚ ёпойоп ог electrostatic induction are pro- 
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- of conductor only one-half of that used in the 


35 


. ing through the ground for affecting a re- 
ceiving-circuit properly placed and adjusted. . 


40 


_to secure the best action the receiving-cireuit 


Another way to earry out my invention is 
to direct the currents or discharges of a high- 
frequency machine or condenser through a 
circuit one terminal of which is.connected 
directly, or inductively with the ground and 


‘the other to a body, preferably of large sur- 


face and at an elevation. In this case if the 
circuit on tħe moving bady be similarly ar- 
ranged or connected differences of potential 
on the terminals of the circuit either by con- 


duced and the sameobjectisattained. Again, 


should be adjusted so as to be in electromag- 
netic synchronism with the primary source, 
as before; but in this instance it will be un- 
derstood by those skilled in the art that if the 
number of vibrations per unit of time be the 
Samo the circuit should now have a length 


former case. | . 
Still another way is to pass the currents 
simply through the ground by.connecting 


both the terminals of the source of high-fre- | 


quency currents to earth at different and re- 
mote points and to utilize the currents spread- 


Again, in this instance if only one of the ter- 


minals of the receiving-circuit be connected: 


to. the ground, the other terminal being insu- 


. lated, the adjustment as to synchronism with 


2245 


о 


5 


the source will require that under otherwise 
equal conditions the length of wire be half of 
that which would be vised- if- both the termi- 
nals be connected or, generally, if the circuit 


.be in the form of a closed’ loop or coil, Ob- 


viously also in the latter easé the relative po- 
sition of the receiving and transmitting cir- 
cuits is of importance, whereas if the circuit 


. be of the former kind—that is; open—the 
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relative position of the circuits is, as a rule, 


‘of little or no consequence, ss. 
`. Finally, Imay avail myself, in carrying out: 


my invention, of electrical oscillations which 
do not follow any particular conducting-path, 
but propagate in straight lines through space, 
of rays, waves, pulses, or disturbances of any 
kind eapable of bringing. the mechanism-of 


‘the moving body into action from a distance 


65 


.and at the will of the operator by their effect 


upon suitable controlling devices. |. ' 
. In the following detailed description I shall 
confine myself to an explanation of that 
method and apparatus only which I have 


found to be the most practical and effectual; 


but obviously my invention г 
tures is not limited to the special mode and 
appliances which I have devised and shall 


.& distance upon the receiving-circuit be too 


means capable of: being \ 
-by the feeblest influences in order to effect 


thickness of dielectric. 





| the sensitiveness. 


ticles lying loose do not connect the metal 


in its broad fea- 


7° 
here describe. - О 
‘In any event—that is to say, whichever of 


the above or similar plans I may adopt—and 


particularly when the influence exerted from 


small to directly and reliably affect and actu- 

ate the controlling apparatus I employ auxil- 

iary sensitive relays or, generally speaking, 
ing brought into aetion 


the control of the movements of the distant 
body with the least possible expenditure of 


energy and at the greatest practicable dis- 


tance, thus extending the range and useful- 
ness of my invention. 

A great variety of electrical and other de-. 
vices more or less suitable for the purpose of 
detecting and utilizing feeble actions are now 
well known to scientific men and artisans and . 
need not beall enumerated here. Confining 9o. | 
myself merely to the electrical as the most . 
practicable of such means and referring only : 
to those which, while not the most sensitive, 
are perhaps more readily available from the 
more general knowledge which exists regard- 
ing them, I may state that a contrivance may 
be used which has long been known and used 
as a lightning-arrester in connection with 


95 


telephone-switchboards for operating annun- 


ciators and like devices, comprising a bat- 100 
tery the poles of which are connected to two 
conducting-terminals separated by a minute 
The electromotive 
force of the battery should be such as to strain - 
the thin. dielectric layer very nearly to the 
point of breaking down in order to increase 
When an electrical dis- - 
turbance reaches a circuit so arranged ‘and 
adjusted, additional strain is put upon the 
insulating-film, which gives way and allows 
the passage of a current which can. be util- 
ized to operate any form of eircuit-eontrolling — . 
apparatus. | E | 
Again, another contrivance capable of be- 
ing utilized in detecting feeble electrical ef- 
fects consists of two conducting plates or ter- 


minals which have, preferably, wires of some ` 
length attached to them and are bridged by. 
a mass of minute particles of metal or other 
conducting material. “Normally these par- 


105 


plates; but under the influence.of an elec- . 
trical disturbance produced at a distance, 


| evidently owing to electrostatic attraction, . 


they are pressed firmly against each other, 
thus establishing a good electrical connection - 


‘between the two terminals. This change of 


state may be made use of ina number of ways ` 

for the above purpose. . > ` о 
Still another modified device, which may 

be said to embody the features of both the 


former, is obtained by connecting the two 


conducting plates or terminals above referred ` 
to permanently with the poles of a battery: ^. 


to 
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whieh should be of very constant electromo- 
tive foree. In this arrangement a distant 
electrieal disturbance produces a twofold ef- 
feet. on the conducting particles and insulat- 
ing-films between them. The former are 
brought nearer to each other in eonsequence 
of the sudden inerease of electrostatic attrac- 
tion, and the latter, owing to this, as well as 
by being reduced in thickness or in number, 
are subjected to a much greater strain, which 
they are unable to withstand. 

It will be obviously noted from the pre- 
ceding that whichever of these or similar 
contrivances be nsed the sensitiveness and, 
what is often still more important, the reli- 
ability of operation is very materially in- 
creased by a close adjustment of the periods 
of vibration of the transmitting and receiv- 
ing circuits, and, although such adjustment 
is in many eases unnecessary for the success- 


‘ful carrying out of my invention, I neverthe- 
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40 


less make it a rule to bestow upon this fea- 
ture the greatest possible care, not only be- 
cause of the above-mentioned advantages, 
which are secured by the observance of the 
most favorable conditions in this respect, but 
also and chiefly with the objeet of prevent- 


ing the receiving-circuit from being affected. 


by waves or disturbances emanating from 
sources not under the control of the operator. 


The narrower the range of vibrations which 


are still capable of perceptibly affectirg the 
receiving-circuit the safer will the latter be 
against extraneous disturbances. To secure 
the best result, it is necessary, as is well 
known to experts, to construct the receiving- 
circuit or that part of the same in which the 
vibration chiefly occurs so that it will have 
the highest possible self-induction and at the 
same time the least possible resistance. In 


' this manner] have demonstrated the practica- 


45 


50 
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'in this direction—namely, how, 
use.of merely one receiving-circuit, a great. 


bility of providinga great number of such re- 
ceiving-eircuits—fifty ora hund red,or more— 
each of which may be called up or brought 
intoaction whenever desired without the oth- 
ers being interfered with. This result makes 
it possible for one operator to direct simul- 
taneously the. movements of a number of 


. bodies as well as to control the action of à 


number of devices located on the same body, 
each of which may have a distinct duty to 
fulfil. In the following deseri ption,. how- 
ever, I shall show a still further development 
by making 


variety of devices may be actuated and any 
number of different functions performed at 


` the will and command of the distant oper- 
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ator. : 

It should be stated in advance in regard to 
the sensitive devices above mentioned, which 
may be broadly eonsidered as belonging to 
one class, inasmuch as the operation of. all 
of them involves the breaking down of a 
minute thickness of highly-strained dielec- 
trie; that it is necessary to make some provi- 


` sion: for automatically restoring to the dielec- 


j tric its original unimpaired insulating quali- 
ties in order to enable the device to be used 
in successive operations. This is usually ac- 
complished by a gentle tapping or vibration 
of the electrodes or particles or continuous 
rotation of the same; but in long experience 
with many forms of these devices I have found 
that such procedures, while suitable in simple 
and comparatively unimportant operations, 
as ordinary signaling, when it is merely re- 
quired that the succeeding effects produced 


in the receiving-cireuit should differ in re- 


gard to their relative duration only, in which 
case it is of little or no consequence if. some 
of the individual effects be altered or incom- 
plete or even entirely missed, do not yield 
satisfactory results in many instances, when 
it may be very important that the effects pro- 
duced should all be exactly such as desired 
and that none should fail. To illustrate, let 
it be supposed that an official directing. the 
movements of a vessel in the manner de- 
scribed should find it necessary to bring into 
action a special device on the latter or to per- 


























moment, at an instant’s notice and possibly 
when, by design or accident, the vessel itself 
or any mark indicating its presence is hidden 
from his view. In this instance a failure or 


might have disastrous consequences and such 
cases in which the sure and timely working 
of the machinery is of paramount importance 


this consideration has impressed me with the 
necessity of doing away with the defects in 


producing an apparatus which while being 
sensitive will also be most reliable and posi- 
tive in its action. 
inafter described these defects are overcome 
in'a most satisfactory manner, enabling thou- 
-Sands of successive operations, in all respects 
alike, being performed by the controlling ap- 
paratus without a single irregularity or miss 
being recorded. Fora better understanding 
of these and other details of the invention as 
I now carry them out I would refer tothe ac- 
companying drawings, in which— 

Figure 1 is a plan view of a vessel and 
mechanism within the same. 
gitudinal section of the same, showing the in- 
terior mechanism in side elevation. Fig. 818 
a plan view, partially diagrammatical, of the 


the same. Fig. 4 isa plan view, où an en- 
larged scale, of à portion of the contro!:ag 
mechanism. Fig. 5 is an end view. of the 
same. Fig. 6 shows the same mechanism in 
side elevation. Fig. 7 is a sideview of a de- 
tail of the mechanism. Fig. 8 is a central 
sectional view, on a larger seale, of a sensitive 
device forming part of the receiving-circuit. 
Fig. 9 is a diagrammatic illustration of the 
system in its preferred form. Fig, 10 is a 
view of the various mechanisms employed, 
but on a larger scale, and leaving out or indi- 


defective action of any part of-the apparatus. 


Fig.2 is alon- 


vessel, apparatus, and circuit connections of 


70 
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form a particular operation, perhaps of vital ` 


95 


тоо 


may often present themselves in practice, and. . 


the present devices and procedures and of. 
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In the arrangement here- ` 
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.. eating eonventionally certain parts of well- 


understood character. 


Referring to Figs. 1 and ФА designates any 
type of vessel or vehicle which is capable of 


being propelled and directed, such as 8 boat, 
a balloon, or a carriage. 


wn 


of.any kind, according to the nature of the 
uses to which it is to be applied. The ves- 


motor the boat carries also a small steering- 
motor F, the shaft of which is extended be- 
yond its bearings and provided witha worm 
which meshes with a toothed wheel G. This 
` eo latter is fixed toasleeve b, freely movable on 
a vertical rod H, and is rotated in one or the 


- other direction, according to the direction of | 


-rotation of the motor F.. 

The sleeve b on rod H is in gear, through 
25 the cog-wheels H' and H”, with a Spindle 6, 
mounted in vertical bearings at the stem of 

the boat and carrying the rudder F’. 
The apparatus by means of which the op- 
_- eration of both the propelling and steering 
3o-mechanismsis controlled involves, primarily, 
a receiving-circuit, which for reasons before 
stated is preferably both adjusted and ren- 
‘dered sensitive to the influence of waves or 
impulses emanating from a remote source, 


35 the adjustment being so that the period of. | 


oscillation of the circuit is either the same as 
that of the source or a harmonic thereof. 
The receiving-circuit proper (diagrammat- 
ically. shown in Figs. 3 and 10) comprises a 
4o terminal E', conductor C', a sensitive device 
.. A'; and a conduetor A", leading to the ground 
" соптетев у through. a connection to the 
. metal keel B' of the vessel. The terminal E’ 
c- should present a large conducting-surface 
45 and should be supported as high as practica- 
> bleonastandard D’, which is shown as broken 
in Fig. 2; but such provisions are not always 
- necessary. It is important to insulate very 
well the conductor C’ in whatever manner it 
» be supported. | : 
The circuit or path just referred to forms 
-also a pärt of a local circuit, which latter in- 
. eludes a relay-magnet a and a battery a’, the 
os electromotive force of which is, as before ex- 
` $$ plained, so determined that although the di- 
` eleetrie layers in the sensitive device A’ are 
subjected toa great strain, yet normally they 
withstand the strain and no appreciable cur- 
rent flows through the local circuit; but when 
an electrical disturbance reaches the circuit 


60 


- ‘the dielectric films are. broken down, the re- | 


^ sistaneé of the device A’ is suddenly and 

. -greatly diminished, and a current traverses 
the relay-magnet A. | . . 

-65 . - The. particular sensitive device employed 

*. is shown in genera] views and in detail in 

‘Figs. 4, 6, 7, and 8: It consists of a metal 


It may be designed : 
' to earry in a suitable compartment: B objects 


to sel—in this instance à boat—is provided with 
suitable propelling machinery, which isshown. 
8s comprising a serew-propeller C, secured to 
the shaft of an electromagnetic motor D, which 
· derives its power from storage batteries E E 
15 EE. In addition tothe propelling engine or 
е -current which is started throug 





‘made before. 


cylinder ¢, with-insulating-heads c’ , through 
which passes a central metallic rod c". A 


‘small quantity of grains dof conducting ma- 7o 


térial, such as an oxidized metal, is placed in `` 
the cylinder. A metallic strip d', secured to 
an insulated.post d", bears against the side 

of the cylinder c, connecting it with the con- ` 
ductor C', forming one part of the circuit. 75. 


-The central rod c” is connected to the frame ,. 


of the instrument and so to the other part of ` 
the circuit through the forked metal arm e, 


the ends of which are fastened with two nuts 


to the projecting ends of the rod, by which 8o 
means the cylinder c is supported. 2 

` In order to interrupt the flow of battery- 
the action 
of the sensitive device A’, special means are - 
provided, which are as follows: Thearmature 85 
e’ of the magnet a, when attracted by the lat- 


ter, closes a cireuit containing a battery b' and 


magnet f. Thearmature-lever f' of this mag- 

net is fixed to а rock-shaft f'', to which is se- 
cured an anchor-escapement g, which con- go 
trols the movements of a spindle g', driven by , 
a clock-train K.. 'The spindle g' has fixedto' ` 
it a disk g” with four pins b”, so that for each 


oscillation of the eseapement g the spindle g' 


is turned through. one-quarter of a revolu- 95 
tion. One of the spindles in the elock-train, 

ав h, is geared so as to. make one-half of a 
revolution for each quarter-revolution of spin- 

dle g'. The end of the former spindle ex- ` 
tends through the side of the frame and car- 100 
ries an eccentric cylinder h’, which passes 
through a slot in a lever A", pivoted to the 
side of the frame. he férked arm e, which 
supports the cylinder c, is pivoted to the end 

of eccentric , and the- eccentric and said 105 
arm are connected by a spiral springl. Two 


pins 7’ 4 extend out from the lever A", and 


one of these is.always in the path of a pro- 
jection on arm e. They operate to prevent 
the turning of cylinder c with the spindle h тіс 
and the eccentric. It.will be evident that a 
half-revolution of tho spindle h will wind up 

the spring i and at the same time raise or 
lower the lever ^", and these parts are so ar- 
ranged that just before the half-revolution of 115 
the spindle is completed the pin 7’, in engage- 
ment with projection or stop-pin p, is with- 
drawn from its path; and the cylinder c, obey- 

ing the force of the spring %, із suddenly 
turned.end for end, its motion being checked 120 
by the other pin 7. "The adjustment rela- 
tively-to armature f' of magnet f is furthér- 


more so máde that the pin ? is withdrawn at 


the moment when the armature has nearly | 
reached its extreme position in its approach 125 
toward the magnet—that is, when the lever 1, 
which carries the armature f", almost touches 

the lower one of the two stops s s, Fig: 5— 
which limits its motion in both directions. 

The arrangement just deseribed has been 130 
the result of long experimenting with the ob- 
ject of overcoming certain defects in devices 
of this kind, to which reference has been 
These defects I have found to 
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be due to many causes, as. the unequal size, 
weight, and shape of the grains, the unequal 
pressure which results from this and from the 
manner in which the grains are usually agi- 
tated, the lack of uniformity in the conduc- 
tivity of the surface of the particlesowing to 
the varying thickness of the superficial oxi- 
dized layer, the varying condition of the gas 
or atmosphere in which the particles are im- 
mersed,and to certain deficiencies, well known 


‘to experts, of the transmitting apparatus as 


heretofore employed, which are in a large 
measure reduced by the use of my improved 
high-frequency coils. Todo away with the 
defects in the sensitive device, I prepare the 
particles so that they will be in all respects 
as nearly alike as possible. They are manu- 
factured by aspecial tool, insuring their equal- 
ity in size, weight, and shape, and are then 
uniformly oxidized by placing them for a 
given time in an acid solution of. predeter- 


. mined strength. This secures equal conduc- 


25 


39 


tivity of their surfaces and stops their further 
deterioration, thus preventing a change in 
the character of the gas.in thespace in which 
they are inclosed. I prefer not to rarefy the 
atmosphere within the sensitive device, as 
this has the effect of rendering the former 
less constant in regard to its dielectric prop- 
erties,but merely secure an air-tightinelosure 


-of the particles and rigorous absence of mois- 


ture, which is fatal to satisfactory working. 
The normal position of the cylinder c is ver- 


` tical, and when turned in the manner de- 
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scribed the grains in it are simply shifted 
from one end to the other; but inasmuch as 
they always fall through the same space and 
are subjected to the same agitation they are 
brought after each operation of the relay to 
precisely the same electrical condition and 
offer. the same resistance to the flow of the 
battery-current until another impulse from 
afar reaches the receiving-cireuit. | 

The relay-magneta should be of such char- 
acteras to respond toa very weak current and 
yet be positivein its action. Toinsure the ге- 
traction ofitsarmaturee’ afterthe current has 


. been established through the magnet fand 


interrupted by the inversion of the sensitive 
device c, a light rod X is supported in guides 
on the frame in position to be lifted by an ex- 
tension E' of the armature-lever / and to raise 
slightly the armature e. Asa feeble current. 
may normally flow through the sensitive de- 
vice and the relay-magnet a, which would be 
sufficient to hold though not draw the arma- 
ture down, it is well to observe this precau- 
tion. 

The operation of the relay- magnet a and 
the consequent operation of the electromag- 
net f, as abòve described, are utilized to con- 
trol the operation of the propelling-engiue 
and the steering apparatus in the following 


"manner: On the spindle g’, which carries the 


escapement-disk g", Figs. 4 and 6, is a cyl 
inder j of insulating material with a conduct- 
ing plate or head at each end. From these 


ў 


two heads, respectively, contact plates or seg- 
ments j' j' extend on diametrically opposite 
sides of the cylinder. The plate j” is in elec- 
trical connection with the frame of the in- 
strüment through the head from which it ex- 
tends, while insulted Strips or brushes J J' 
bear upon the free end or head of the cylin- 
der and the periphery.of the same, respec- 
tively. Three terminals are thus provided, 
one always in connection with plate 7, the 
other always in connection with the plate j j А 
.and the third adapted to rest on the strips j’ 
and j’.in succession or upon the intermediate 
insulating-spaces, according to the position 
in which the commutator is bronght by the 
elock-train and the anchor-escapement g. 

K' K", Figs. 1, 3, and 10, are two relay- 
magnets. conveniently placed in the rear of 
the propelling - engine. 


the relay-coils, the opposite terminal to the 
brush J', and the opposite ends of the relay- 
eoils to the brush J and to the frame of the 
instrument, respectively. As a consequence 
of this arrangement either the relay K’ or K” 
will be energized as the brush J' bears upon 
the plate 7' or 7", respectively, or both relays 
will beinaetive while the brush J' bears upon 
an insulating-space between the plates j' and 
j'. While one relay, as K', is energized, its 
armature closes a circuit through the motor 
F, which is rotated in a direction to throw the 
rudder to port.. On the other hand, when re- 
lay K” is active another circuit through the 
motor F is closed, which reverses its direc- 
tion of rotation and shifts the rudder to star- 
board. These circuits, however, are at the 
same time utilized for other purposes, and 
their course is, in part, through apparatus 
which I-shall describe before tracing their 
course. 

The fixed rod H carries an insulating disk 
or head L, Fig. 2, to the under side of which 
are secured six brushes, 1, 2, 8, 4, b, and 6, 
Fig. 3. The sleeve 5, which surrounds the 


rod and is turned by the steering-motor Е,. 


carries ‘a disk L’, upon the upper face of 
which are two concentric circles of conduct- 
ing contact-plates. Brushes 1, 2, 3, and 4 


bear upon the inner circle of contacts, while ` 


the brushes 5 and 6 bear upon the outer cir- 
cle of contacts. The outer circle of contacts 
comprises two long plates 7 and 8 on opposite 
sides of the disk and a series of shorter 
plates 9, 10, 11, 12,13, and 14 in the front 
and rear. Flexible conductors /' /" eonnect 
the plates 7 and 8 with the terminals of the 
propelling - motor D, and the poles of the 
main battery E are connected to the brushes 
5 and 6, respectively, so that while the rudder 
is straight or turned up to a certain angle to 
either side the current is conveyed through 
the brushes 5 and 6 and segments 7 and 8 to 
the propelling-motor D. The steering-motor 
F is also driven by current taken from the 
main battery E in the following manner: A 
conductor 15 from one pole of the battery 
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One terminal of a. 
battery k” is connected to one end of each of : 
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leads to one of the commutator-brushes, and 
from the other brush runs a conductor 16 to 
one of the contaets of each relay K' K". 

. When one of these relays, as K", is active, it 
5 continues this. cireuit through a wire 19 
through one field-coil or set of coils on_the 
‘motor F and thence to the brush 1. Ina 
similar manner when the other relay K’ is 
active the circuit is continued from wire 18 

то through à wire 20, the second or reversing 
get of field-coils, and to brush 2. . 
-Both brushes 1 and 2 at all times when the 

2. padder is not turned more than about forty- 
` five degrees to one side are in contact with a 

: x5 long eondueting-plate 21, and one brush in 
any position of the rudder is always in con- 
tact with said plate, and the latter. is con- 
nected bya flexible conductor 22 with the op- 

` posite pole of the main battery. Hence the 
20 motor F may always be caused to rotate in 
one direction whatever may be the position 

of the rudder, and may be eaused to rotate 
in either direction whenever the position of 

~ the rudder is less than a predetermined an- 
25 gle, conveniently forty-five degrees from the 
center position.. In order, however, to pre- 
vent the rudder from being turned too far in 
either direction, the isolated plate 23 is used. 
Any movement of the rudder beyond a pre- 

3o determined limit brings this plate under one 
. or. the other of the brushes 1 2 and breaks 
the circuit of motor F, so that the rudder ean 
be driven no farther in that direction, but, 
as will be understood, the apparatus is in 

35 condition to turn the rudder over to the other 
side. In like manner the circuit of the pro- 


- . pelling-motor D is controlled through brushes . 


`. 5 and.6 and the segments on the outer circle 

of contacts of head L. If the short segments 

40 on either side of the circle are insulated, the 

motor D will be stopped whenever one of the 

. brushes 5 or 6 passes onto one of them from 
the larger segments 7 8. | : 

. I$ is important to add that on all contaet- 

45 points where a break occurs provision should 

,be made to overeome the sparking and pre- 

: ‘vent the oscillation of electrical charges in 

the circuits, as such sparks and oscillations 

may affect the sensitive device. It is this 

so consideration chiefly which makes it advis- 

able tọ use thè two relays K' K”, which other- 

wise might be dispensed with. They should 


be also placed as far as practicable from the 


sensitive device in order to guard the latter 

55 against any action of strong varying currents. 
. In addition to the mechanism described the 
' vessel may carry anyother devices or appa- 
ratus as might be required for accomplishing 

- any special object of more or less importance. 
60 By way of illustration a small: motor m is 
‘shown, Figs. 1 and 3, which conveniently 
serves for anumber of purposes. This motor 

is shown connected in series with the arma- 
‘ture of the steering-motor F, so that when- 


65 ever either one of the circuits of the latter is. 
elosed through relays K’ K” the motor m is 


likewise rotated, but in all cases in the same 


т’, во that-in normal operation, owing to the 
fact that the circuits of motor: F are closed 


but a short time, the lever m^, which is fas-. 
Aened to one of the wheels of clockwork M, 


with which the armature of the motor: is 
geared, will move but a short distance and 
upon cessation of the current return to astop 


direction. Its rotation is opposed by a spring | 


P; but if the circuits of the motor F are 


closed and opened rapidly in succession, which 
operation leaves the rudder unaffected, then 
the lever m” is moved toa greater angle, com- 
ingin contact witha metal plate n, and finally, 
if desired, with a post 7’. 
coming in contact with plate n the.current 
of the main battery passes either through one 
or other or both of the lights supported on 


standards q q, according to. the position of 


brushes 3 and 4 relatively to the insulating- 


Upon the lever m". 


со 
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segment 23; but since the head L, carrying. 


the segments, is geared to the rudder the po- 
sition of the latter is in a general way deter- 
mined by observing the lights. ` Both of the 
lights may be colored, and by flashing them 
up whenever desired the operator may guide 
at night the vesselin its eourse.. For sueh 
purposes also.the standards r r are provided, 


which should be painted in lively colors, во. 


as to be visible by day at great distances. 
By opening and closing the circuits of motor 
F a greater number of times, preferably de- 
termined beforehand, the lever m” is brought 
in contact with post »', thus closing the cir- 
euit of the main battery througli a device o 
and bringing the latter into action atthe mo- 
ment. desired. 


mechaniciansany number of different devices 
may be operated. 


Referring now to Fig. 9, which illustrates 


-diagrammatically the system as practiced 


when directing the movements of a boat, in 


‘this figure S designates any source of elec- 


trical disturbance or oscillations the genera- 
tion of whichis controlled by a suitable switch 
containedin boxT.. The handleof theswitch 
is movable in one direction only and stops on 
four points / / w w', so that as the handle 
passes from s*op to stop oscillations are pro- 
duced by the source during a very short time 
interval. There are thus produced four dis- 
turbances during one revolution and the re- 
ceiving-circuit is affected four times; bat it 
will be understood from the foregoing descrip- 


By similar contrivances or. 
such as will readily suggest themselves to 
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tion of the controlling devices on the vessel _ 


that the rudder will be moved twice, once to 


‘right and onceto left. NowI preferably place . 
the handle of the switch so that when it is ar-. 
‘rested on points ¢ /’/—that is, to the right or 


left of the operator—he is reminded that the 
vessel is being deflected to the right or left 
from its course, by which means the control 
is facilitated. "The normal positions of the 


. handle are therefore at ww’ when the rudder 


is not acted upon, and it remains on the points 
uw’ only so long as necessary. Since, as be- 
fore stated, the working of the apparatus is 
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very sure, theoperator is enabled to perform 
any such operations as provision is made for 
without even seeing the vessel. 

The manner of using the apparatusand the 
operation of the several instrumentalities 
comprising the same is in detail as follows: 
Normally the plate L' is turned so that brush 
2 rests upon the insulated segment 23 and 
brush 6 upon one of the insulated short seg- 
ments in the rear of the circle. Under these 
conditions the rudder will be turned to star- 
board and the circuit of motor D interrupted 
between brushes 5 and 6. At the same time 
only one of the circuits of motor F—that con- 
trolled by relay K’—is capable of being closed, 


since brush 2, which connects with the other, - 


is out of contact with the long segment 21. 
Assuming now that it is desired to start the 
vessel and direct it to a given point, the han- 
dle T is turned from its normal position on 
point 4' to the point / on the switeh:box. 
This sends out an electrical disturbance, 
which, passing through the receiving-circuit 
on the vessel, affects the sensitive device A’ 
and starts the flow of current through the lo- 
cal circuit, including said device, the relay a, 
and ‘the battery a’. This, as has been: pre- 
viously explained, turns the cylinder) and 
eauses the brush J' to pass from insulation 
onto the contact jf’. The battery k” is thus 
closed through геіау К”, апа (ће latter closes 
that circuit of the motor F which, starting 
from. plate 22, which is permanently con- 
nected with one pole of the main battery, is 
completed through the brush 1, the field of 
motor F, wire 19, the armature of relay K”, 
wire 16, the motor m, the brushes and com- 
mutator of motor F, and wire 15 to the орро- 
site terminal of the battery E. Motor F is 
thus set in operation to shift the rudder to 
port; but the movement of plate LL’ which 
follows brings the brush 6 back onto segment 
8 and closes the circuit of the propelling-mo- 
tor which starts the vessel. The motor F is 
permitted to run until the rudder has been 
turned sufficiently to steer the vessel in the 
desired direction, when the handle T is turned 
to the pointu. This produces another action 
of the relay a and brush J'is shifted onto 
insulation and both relays K' and K" are in- 
active. 'l'he rudder remains in the position 
to which it has been shifted. by the motor F. 
If it be then desired to shift it to starboard, 
or in the opposite direction to that in which 
it was last moved, the handle T is simply 
turned to point /' and allowed to remain there 
until the motor F, which is now operated 
by relay K', the circuit of which is closed 
by strip J” coming into contact with plate 
j', has done its work. The movement of 
handle T to the next point throws out both 
relays K' and K", and the next movement 
causes a shifting of the.rudder to port, and 
soon. Suppose, however, that after the rud- 
der has been set at any angle to its middle 
position it be desired to shift it still farther 
in the same direetion. In such ease the han- 


------------------------------------ 


dle is moved quickly over two points, so that 


‘the circuit which would move the rudder in 


the opposite direction is closed for too short a 
time interval to produce an appreciable ef- 
fect and is allowed to rest on the third point 
until the rudder is shifted to the desired po- 
sition, when the handle. is moved to the next 


‘point, which again throws out both relays K’ 


апа К”. It will be understood that if the 
handle be held for a sufficiently long time 
upon either point ¢ or?’ the motor F will sim: 


ply turn the plate L' in one direction or the 


other until the circuits of motors D and F arẹ 
broken. It is furthermore evident that one 


relay K' or K" will always be operative ‘to 


start the motor F. 

As previously explained, the longest period 
of operation of which the motor F is capable 
under ordinary conditions of use does not 
permit the motor m to shift the arm m’ into 
contact with the plate n; but if the handle 
T be turned with a certain rapidity a series 
of current impulses will be directed through 
motor m; but as these tend to rotate the 
motor F in opposite directions they do. not 
sensibly affect the latter, but act to rotate 
the motor m against the force of the coiled 
spring. 22 

The invention which I have described will 
prove useful in many ways. Vessels or ve- 
hicles of any suitable kind may be used, as 
life, despatch, or pilot boats or the like, or for 
carrying letters, packages, provisions, in- 
struments, objects, or materials of any de- 


scription, for establishing. communication 


with inaccessible regions and exploring the 
conditions existing in the same, for killing or 
capturing whales or other animals of the sea, 
and for many other scientific, engineering, or 
commercial purposes; but the greatest value 
of. my invention will result from its effect 
upon warfare and armaments, for by reason 
of its certain and unlimited destructiveness 


it will tend to bring about ànd maintain per- . 


manent peace among nations. 

, Having now described my invention, what 
Telaim is— 
_ 1. The improvement in the art of control- 
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ling the movements and operation of 2 vessel 


or. vehicle herein described, which consists in 
producing waves or disturbances which are 
conveyed to the vessel by the natural media, 
actuating thereby suitable apparatus on the 
vessel and effecting the-control of the pro- 
pelling-engine, the steering and other mech- 
anism by the operation of the said apparatus, 
as set forth. 

2. The improvement in the art of control- 
ling thé movements and operation of a vessel 
or vehicle, herein described, which consists 
in establishing 4 region of waves or disturb- 
ances, and actuating by their influence ex- 


erted at a distance the devices on such vessel 


or vehicle, which control the propelling, steer- 
ingand other mechanism thereon, asset forth. 

‘3. The improvement in the art of control- 
ling the movements and operation of a vessel 
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or vehicle, herein described, which consists 
in establishing a region of electrical waves or 
disturbances, and actuating by their influ- 
ence, exerted at a distance, the devices on 
said vessel or vehicle, which control the pro- 
pelling, steering and other mechanism there- 


. on, as set forth. 
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‘anism, adjusting or 


4. The improvement in the art of control- 
ling the movements and operation of a vessel 
or vehicle, herein. described, which consists 
in providing on the vessel a circuit control- 
ling the propelling, steering and other mech- 


sensitive to waves or disturbances of a defi- 
nite character, establishing a region of such 
waves or disturbances, and rendering by their 


meats the coritrolling-cireuit active or inae- 


tive, as set forth. | i 
5. The combination with a source of elec- 


trical waves or disturbances of a moving ves-- 


sel or vehicle,and mechanism thereon for pro- 
pelling, steering or operating the same, anda 
controlling apparatus adapted to be actuated 
by the influence of the said waves or dis- 
turbances at a distance from the source, as 
set forth. ^ 

-6. The combination with a source of elec; 
trical waves or disturbances of a moving ves- 
sel or vehicle,mechanism for propelling,steer- 
ing or operating the sàme, à circuit and means 
therein for controlling said. mechanism, and 
means for rendering said circuit active or in- 
active through the influence of. the said waves 


' or disturbances exerted at a distance from the 


source, as set forth. , . 
-7. The combination with a source of elec- 


trical waves or disturbances and means for 


40 


: of the source, as set forth. 


45 


` game, of a vessel or vehicle, 
. ,Steering mechanism carried thereby, local cir- 
50 


starting and stopping the.sarne, of a vessél or 


М 


vehicle, propelling and steering mechanism 


carried thereby, a circuit containing or con- 


nected with means for controlling the opera- 


tion of said mechanism and adjusted or ren- 
dered sensitive to the waves or disturbances 


8. The combination with a source of elec- 
trical waves or disturbances, and means for 
starting and stopping the operation of the 


propelling and 


cuits controlling said mechanisms, a circuit 
sensitive to the waves or disturbances of the 
source and means therein adapted to control 
the said local circuits, asand for the purpose 
set forth. 


rendering such circuit 


- therewith 


motor, as set forth. 
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9. The sensitive device herein described 
comprising in construction 8 receptacle con- 


metal forming a part of the circuit, and means 
for turning the same end for end when the 
material has been rendered active by the pas- 
sage through it of an electric discharge, as 
set forth. О 


10. The sensitive device herein described, 
-eomprising in combination & receptacle con- . ' 


taining a material such as particles of oxidized 
metal forming a part of an electric circuit, 
an electromagnet in said circuit, and devices 
controlled thereby for tarning the receptacle 


.end for end when said magnet is energized, . 
qo 


as set forth. - “ 

11. The sensitive device herein described, 
comprising in combination a receptacle con- 
taining a material such as particles of oxidized 
metal forming part of an electric circuit, a 
motor for rotating the recéptacle, an electro- 


escapement controlled by said magnet.and 


‘adapted to permit a half-revolution of the re- 


ceptacle when the said magnet is energized, 
as set forth. ` : 


55 


taining a material such as particles of oxidized - 
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magnet in circuit with the material, and an. 


8o 


19. The combination with a movable body 


or vehicle, of à propelling-motor, & steering- 
motor and electrical contacts carried by a 
moving portion of the steering mechanism, 
and adapted in certain positions of the latter 
to interrupt the circuit of the propelling-mo- 
tor, a local circuit and means connected 


85 


for controlling the steering-motor, - 


and a circuit controlling the local circuit and - 


means for rendering said eontrolling-cireuit 


go~ 


sensitive to the influence of electric waves or ` 


disturbances exerted at a distance from their 
source, atb set forth. ==. °.. . 
13. The combination with the steering-mo- 


tor, a local ‘circuit for directing current 


95. 


through the same in opposite directions, & . 


controlling-circuit rendered sensitive to tlie: 


‘influence of electric waves or disturbances ex- 


erted at a.distance from theirsource, a motor 


in circuit with the steering-motor but adapt- 


ed to run always in the same direction, and 
a local circuit or circuits controlled by said 


e. . NIKOLA TESLA. 
Witnesses: 
RAPHAËL NETTER, 

GEORGE SCHERFF. — . 
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To all whom it may concern: 


UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


SYSTEM OF TRANSMISSION OF ELECTRICAL ENERGY. 


SPECIFICATION forming part of Letters Patent No. 645,576, dated March 20, 1900. 
Application filed September 2, 1897, Serial No. 650,343, (No model) | 


Beit known that I, NIkKOLA TESLA, acitizen : 
of the United States, residing at New York, in 
the county and State of New York, have in- 
vented certain new and useful Impr ovements 
in Systems of Transmission of Electrical. En- 
ergy, of which the following is a specification, 
reference being had to the drawing accom- 
panying and forming a part of ће вате. 

It has been well known heretofore that by 
rarefying the air inelosed in a vessel its in- 
sulating properties are impaired to sueh an 
extent that it becomes what may be consid- 
ered as a true eonduétor, although one of ad- 
mnittedly very high resistance. The practical 
information in this regard has been derived 
from observations necessarily limited in their 
scope by the character of the apparatus or 
means heretofore known and the quality of 
the electrical effects producible. thereby. 
‘Thus it has been shown by William Crookes 
in his classical researches, which have so far 
served as the chief source of knowledge of 
this subject, that all gases behave as excellent 
insulators until rarefied toa point correspond- 
ing toa barometric pressure of about seventy- 
five millimeters, and even at this very low 
pressure the discharge of a high-tension in- 
duction-coil passes through only a part of the 
attenuated gas in the form of a luminous 
thread or are, a still further and considerable 
diminution of the pressure being required to 
render the entire mass of the gas inclosed in 
a vessel conducting. While this is true in 
every particular so long as electromotive or 
current impulses such as are obtainable with 
ordinary forms of apparatus. are employed, I 
have found that neither the géneral behavior 
of the gases nor the known relations between 
electrical conduétivity and barometric pres- 
sure are in conformity with these observa- 
tions when impulses are used such as are pro- 
ducible by methods and apparatus devised 
by me and which have peculiar and hitherto 
unobserved properties and are of effective 
electromotive forces, measuring many hun- 
dred thousands or millions of volts. Through 
the continuous perfection of these methods 
and apparatus and the investigation of the 


led to the diseovery of certain highly-impor- 
tant and useful facts which have hitherto been 


unknown. Among theseand bearing direotly 
upon the subject n my present application 
are the following: First, that atmospheric or 
other gases, even i under normal pressure, when 
they are known to behave as perfect insula- 
tors, are in a large measure deprived of their 
dielectric properties by being subjected to thie 
influence of electromotive impulses of the 
character and magnitude I have referred to 
and assume conducting and ‘other qualities 
which have been so far observed only in gases 
‘greatly attenuated or heated to a high tem- 
perature, and, second, that the conductivity 
imparted to the air or gases increases very 
rapidly both with the augmentation of the. ap- 
plied electrical pressure and with the degree 
of rarefaction, the law in this. latter respect be- 
ing, however, quite different from that hereto- 
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foreestablished. Inillustration of these faets - 


a few observations, which I have made with 
apparatus devised for the purposes here con- 
templated, may becited. For example, a-con- 
ductor or terminal, to which impulses such as 
‘those here considered are supplied, but which 
is otherwise insulated in space and is remote 
from any condueting-bodies, is surrounded 
by a luminous flame-like brush or discharge 
often covering many hundreds or even as 
much as several thousands of square feet of 
-surface, this striking phenomenon clearly at- 
testing the high degree of conductivity which 
the atmosphere attains under the influence 
of the immence electrical stresses to which it 
is subjected. This influence is, however, not 
confined to that portion of the atmosphere 


75 ` 
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85 


which is discernible by the eye as luminous. | 


and which, as has been the case in some in- 
stances actually observed, may fill the space 


go 


within a spherical or. cylindrical envelop of | 


a diameter of sixty feet or more, but reaches 
‘out to far remote regions, the insulating quali- 
ties of the air being, as I have ascertained, 
still sensibly impaired at a distance many 
hundred times that through which the. lu- 
minous discharge projects from the terminal 
and in all probability much farther, The dis- 
tance extends with the inerease of the elec- 
tromotive force of the impulses, with the dimi- 
nution of the density of the atmosphere, with 
the elevation of the active terminal above the 
ground, and also, apparently, in a slight meas- 
ure, with the degree of moisture contained i in 
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the air. I have likewise observed that this 
region of decidedly-noticeable influence con- 


linuously enlarges as time goes on, and the 
discharge is allowed to pass not unlike a con- 


5*fagration which slowly spreads, this being 
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possibly due to the gradual electrifieation or 
lonization of the air or to the formation of 
less insulating gaseous compounds. It is, 
furthermore, a fact that such discharges of 
extreme tensions, approximating those of 
lightning, manifest a marked tendency to pass 
upward away from the ground,which may be 
due to electrostatic repulsion, or possibly to 
slight heating and consequent rising of the 
electrified or ionized air. These latter ob- 
servations make it appear probable that a dis- 
charge of this character allowed to escape 
into the atmosphere from a terminal main- 
tained at a great height will gradually leak 
through and establish a good conducting-path 
to more elevated and better conducting air 
strata, & process which possibly takes place 
in silent lightning discharges frequently wit- 
nessed on hot and sultry days. It will be 
apparent to what an extent the conductivity 
imparted to the air is enhanced by the in- 
erease of the electromotive foree of the im- 
pulses when it is stated that in some instances 
the area covered by thé flame discharge men- 
tioned was enlarged more than sixfold by 
an augmentation of the electrical pressure, 
amounting scarcely to more than fifty per cent. 
As to the influence of ‘rarefaction upon the 
electric conductivity imparted to the gases it 


is noteworthy that, whereas the atmospheric, 


or other gases begin ordinarily to manifest 
this quality at something like seventy-five 
millimeters barometric pressure with theim- 
pulses of excessive electromotive force to 
which I. have referred, the conductivity, as 
already pointed out, begins éven at normal 
pressure and continuously inereases with the 
degree of tenuity of the gas, so that at, say, 
one hundred and thirty millimeters pressure, 
when the gases are known to be still nearly 
perfect insulators for ordinary electromotive 
forces, they behave toward electromotive im- 
pulses of several millions of volts like excel- 
lent conductors, as though they were rarefied 
to a much higher degree. By the discovery 
of these facts and the perfection of means for 
producing in a safe, economical, and thor- 
oughly-practicable manner current impulses 
of the character described it becomes possible 
to transmit through easily-accessible and only 
moderately-rarefied strata of the atmosphere 
electrical energy not merely in insignificant 
quantities, such as are suitable for the oper- 


ation of delicate instruments and like pur- 
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in its theoretical aspect and in its practical 


poses, but also in quantities suitable for in- 
dustrial uses on a large scale up to practically 
any amount and, according to all the experi- 
mental evidence I have obtained, to any ter- 
restrial distance. "To conduce to a better un- 
derstanding of this method of transmission 
of energy and to distinguish it clearly, both 


645,576 


bearing, from other known modes of trans- 
mission, it is useful to state that all previous 
efforts made by myself and others for trans- 
mitting electrical energy to a distance with- 
out the use of metallic conductors, chiefly 
with the object of actuating sensitive receiv- 
ers, have been based, in so far as the atmos- 
phere is concerned, upon those qualities which 
it possesses by virtue of its being an excel- 
lent insulator, and all these attempts would 
have been obviously recognized as ineffective 
if not entirely futile in the presence of a con- 
ducting atmosphere or medium. The utili- 
zation of any conducting properties of the 


air for purposes of transmission of energy. 


has been hitherto out of the question in the 
absence of apparatus suitable for meeting 
the many and difficult requirements, although 
it has long been known or surmised that at- 
mospherie strata at great altitudes—say fif- 
teen or more miles above sca-level—are, or 
should be, ina measure, conducting; but as- 
suming even that the indispensable means 
should have been produced then still a diffi- 
culty, which in the present state of the me- 
chanical arts must be considered as insuper- 
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able, would remain—namely, that of ‘main- | 


taining terminals at elevations of fifteen miles 
or more above the level of the sea. "Through 
my diseoveries before mentioned and the pro- 
duetion of adequate means the necessity of 
maintaining terminals at such inaecessible 
altitudes is obviated and a practical method 
and system of transmission of energy through 
the natural media is afforded essentially dif- 
ferent from all thoseavailable up to the pres- 
ent time and possessing, moreover, this im- 
portant practical advantage, that whereas in 
all such methods or systems heretofore used 
or proposed but a minute fraction of the total 
energy expended by the generator or trans- 
mitter was recoverable in a distant receiving 


‘apparatus by my method and appliances it 


is possible to utilize by far the greater por- 
tion of the energy of the source and in any 
locality however remote from the same. 
Expressed briefly, my present invention, 
based upon these discoveries, consists then 
in producing at one point an electrical pres- 


sure of such character and magnitude as to. 


cause thereby a current to traverse elevated 
strata of the air between the point of genera- 
tion and a distant point at which the energy 
is to be received and utilized. 

.In the aecompanying drawing a general 
arrangement of apparatus is diagrammatio- 
ally illustrated such as I contemplate em- 
ploying,in the carrying out of my invention 
on an industrial scale—as, for instance, for 
lighting distant cities or districts from places 
where cheap power is obtainable. 


Referring to the drawing, A is a coil, gen- 


erally of many turns and of a very large di- 
ameter, wound in spiral form either about a 
magnetic core or not, as may be found nec- 
essary. C is a second coil, formed of a con- 
ductor of. much larger section and smaller 
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length,wound around and in proximity to the 
coil A. In the transmitting apparatus the 
coil A constitutes the high-tension secondary 
апа (ће сой С the primary of much lower 
tension of a transformer. In the circuit of 
the primary C is included a suitable source 
of currentG. One terminal of the secondary 
A is at the center of the spiral coil, and from 
this terminal the current is led by a conduc- 
tor B to a terminal D, preferably of large 
surface, formed or maintained by such means 
as a balloon at an elevation suitable for the 
purposes of transmission, as before described. 
The other terminal of the secondary A is con- 
nected to earth and, if desired, also to the 
primary in order that the latter may be at 
substantially the same potential as the adja- 
cent portions of the secondary, thus insuring 
safety. At the receiving-station a trans- 
former of similar construction is employed; 
Dut in this ease the coil A’, of relatively-thin 
wire, constitutes the. primary and the coil C’, 
of thick. wire or cable, the secondary of the 
In the circuit of the latter are 
included lamps I., motors M, or other devices 
for utilizing the current. The elevated ter- 
minal D' is connected with the center of the 
coil A’, and the other terminal of said coil is 
connected to earth and preferably, also, to 
the coil C’ for the reasons above stated. 

Tt will be observed that in coils of the char- 
acter described the potential gradually in- 
creases with the number of turns toward the 
center, and the difference of potential be- 
tween the adjacent turns being сопрага- 
tively small a very high potential, imprae- 
tieable with ordinary coils, may be success- 
fully obtained. It will be, furthermore, noted 
that no matter to what an extent the coils 
may be modified in design and construction, 
owing to their general arrangement and man- 
ner of connection, as illustrated, those por- 
tions of the wire or apparatus which are 
highly charged will be out of reach, while 
those parts of. the same which are liable to 
be approached, touched, or handled will be 
ator nearly the same potential as the ad- 
jacent portions of the ground; this insuring, 
both in the transmitting and receiving appa- 
ratus and regardless of the magnitude of the 
electrical pressure used, perfect personal 
safety, which is best evidenced by the fact 
that although such extreme pressures of many 
millions of volts have been for a number of 
years continuously experimented with no-in- 
jury has been sustained neither by myself or 
any of my assistants. 

The length of the thin-wire coil in each 
transformer should be approximately one- 
quarter of the wave length of the electric dis- 
turbance in the circuit, this estimate being 
based ,on the velocity of propagation of the 
disturbance through the coil itself and the 
circuit with which it is designed to be used. 
By way of illustration if the rate at which 
the current traverses the circuit, including 


` the coil, be one hundred and eighty-five thou- 





sand miles pér second then a frequency of 


nine hundred and twenty-five per second 
would maintain nine hundred and twenty-five 
stationary waves in a circnitone hundred and 


eighty-five thousand miles long and each wave 


would be two hundred miles in length. For 
such a low frequency, to which I shall resort 
only when itis indispensable to operate mo- 
tors of the ordinary kind under the condi- 
tions above assumed, I would use a secondary 
of fifty miles in length. By such an adjust- 
ment or porportioning of the length of wire 
in the secondary coil or coils the points of 
highest potential are made to coincide with 
the elevated terminals D D’, and it should be 
understood that whatever length be given to 
the wires this condition should be complied 
with in order to attain the best results. 

. As the main requirement in carrying out 
my invention is to produce currents of an ex- 
cessively-high potential, this object will be 
facilitated by usinga primary current of very 
considerable frequency, since the eleetromo- 
tive force obtainable with a given length of 
conductor is proportionate to the frequency; 
but the frequency of the current is in alarge 
measure arbitrary, for if the potential be 
sufficiently high and if the terminals of the 
coils be maintained at the proper altitudes 
the action described will take place, and a 
current will be transmitted through the ele- 
vated air strata, which will encounter little 
and possibly even less resistance than if con- 
veyed through a copper wire of a practicable 
size. Accordingly the construction of the ap- 
paratus may be in many details greatly va- 
ried; butinordertoenableany person skilled 
in the mechanical and-electrical arts to util- 
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ize to advantage in the practical applications 


of my system the experience I have so far 
gained the following particulars of a model 
plant which has been long in use and which 
was constructed for the purpose of obtaining 
further data to be used in the carrying out 
of my invention on a large scale are given. 
The transmitting apparatus was in this case 
one of my electrical oscillators, which are 
transformers of aspecial type,now well known 
and characterized by the passage of oscilla- 
tory discharges of a condenser through the 
primary. The source G, forming one of the 
elements of the transinitter, was a condenser 
ofa capacity of about four one-hundredthsofa 
microfarad and was charged from a gener- 
ator of alternating eurrents of fifty-thousand 
volts pressure and discharged by means of a 


mechanically-operated break five thousand 


times per second through the primary C. The 
latter. consisted of a single turn of stout 
stranded cable of inappreciable resistance 


and of an inductance of about eight thousand 


centimeters, the diameter of the loop being 
very nearly two hundred and forty-four een- 
timeters. The total inductance of the pri- 
mary circuil was approximately ten thousand 
centimeters, so that the primary cirenit vi- 
brated generally. according to adjustment, 
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from two hundred and thirty thousand to two 
hundred: and fifty thousand times per second. 
The high-tension coil A.in the form of a flat 
spiral was composed of fifty turns of heavily- 
insulated cable No. 8 wound in one single 
layer, the turns beginning elosé to the pri- 
mary loop and ending near its center. The 
outer end of the secondary or high-tension 
coil A was connected to the ground, as illus- 
trated, while the free end was led toa termi- 
nal placed in the rarefied air stratum through 
which the energy was to be transmitted, 
which was contained in an insulating-tube of 
alength of fifty feet or more, within which a 
barometric pressure varying from about one 
hundred and twenty to one hundred and fifty 
millimeters was maintained by means of a 
mechanical suction - pump. The receiving- 
transformer was similarly proportioned, the 
ratio of conversion being the reciprocal of 
that of the transmitter, and the primary high- 
tension coil A’ was connected, as illustrated, 
with the end near the low-tension coil C’ to 
the ground and with the free end to a wire 
or plate likewise placed in the rarefied air 
stratum and at the distance named from the 
transmitting-terminal. The primary and sec- 
ondary circuits in the transmitting apparatus 
being carefully synchronized, an electromo- 
tive force from two to four million volts and 
more was obtainable at the terminals of the 
secondary coil A, the discharge passing freely 
through the attenuated air stratum main- 
tained at the above barometric pressures, and 
if, was easy under these conditions to trans- 
mit with fair economy considerable amounts 
of energy, such as are of industrial moment, 
to the receiving apparatus for supplying from 


. the secondary coil C’ lamps L or kindred de- 


t5 


vices. The results were particularly satis- 
factory when the primary coil or system A’, 
with its secondary C’, was carefully adjusted, 
so as to vibrate in synchronism with the 
transmitting coilorsystem AC. Ihave, how- 
ever, found no difficulty in producing with 


apparatus of substantially the same design 


‘and construction electromotive forces exceed- 
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ing three or.four times those before men- 
tioned and have ascertained that by their 
means current impulses can -be transmitted 
through much-denser air strata. By the use 
of these I have also found it practicable to 
transmit notable amounts of energy through 
air strata not in direct contact with the trans- 
mitting and receiving terminals, but remote 
from them, the action of the impulses, in ren- 
dering conducting air of a density at which 
it normally behaves as an insulator, extend- 
ing, as before remarked, to a considerable 
distance. 


A was, as will be seen, in the preceding in- 
stance, not so much due to a large ratio of 
transformation as to the joint effect of the 
capacities.and inductances in the synchro- 
nized circuits, which effect is enhanced by.a 
high frequency, and it will be obviously un- 


The high electromotive force ob-. 
tained at the terminals of coil or conductor 
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derstood that if thelatter be reduced agreater 
ratio of transformation should be resorted to, 
especially in cases in which it may be deemed. 
of advantage to suppress as much as possible, 
and particularly in the transmitting-coil A, 
the rise of pressure due to the above effect 
and to obtain the necessary electromotive 
force solely by a large transformation ratio. 

While electromotive forces such as are pro- 
duced by the apparatus just described may 
be sufficient for many purposes to which my 
system will or may be applied, I wish to state 
that I contemplate using in an industrial un- 
dertaking of this kind forces greatly in ex- 
cess of these, and with my present knowledge 
and experience in this novel field I would es- 
timate them to range from twenty to fifty 
million volts and possibly more. By the use 
of these much greater forces larger amounts 
of energy may be conveyed through the at- 
mosphere to remote places or regions, and the 
distance of transmission may be thus extend- 
ed practically without limit. | 

As to the elevation of the terminals D D' 
it is obvious that it will be determined by a 
number of things, as by the amount and qual- 
ity of the work to be performed, by the local 
density and other conditions of the atmos- 
phere, by the character of the surrounding 
country, and such considerations as may pre- 
sent themselves in individual instances. 
Thus if there be high mountains in the vi- 
cinity the terminals should be at a greater 
height, and generally they should always be, 
if practicable, at altitudes much greater than 
those of the highest objects near them in or- 
der to avoid as much as possible the loss by 
leakage. In some cases when small amounts 
of energy are required the high elevation of 
the terminals, and more particularly of the 
receiving - terminal D’, may not be neces- 
sary, since, especially when the frequency of 
the currents is very high, a sufficient amount 
of energy may be collected at that terminal 


‘by electrostatic induction from the upper air 


strata, which are rendered conducting by the 
active terminal of the transmitter or through 
which the currents from the same are con- 
veyed. 

With reference to the facts which have been 
pointed out above it will be seen that the al- 
titudes required for the transmission of con- 
siderable amounts of electrical energy in ac- 
cordance with this method are such as are 
easily accessible and at which terminals can 
be safely maintained, as by the aid of cap- 
tive balloons supplied continuously with gas 


from reservoirs and held in position seeurely . 


by steel wires or by any other means, devices, 
or expedients, such as may be contrived and 
perfected by. ingenious and skilled engineers. 
From my experiments and observations I 
conclude that with electromotive impulses 
not greatly exceeding fifteen or twenty mil- 
lion volts the energy of many thousands of 
horse-power may be transmitted over vast 
distances, measured by many hundreds and 
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even thousands of miles, with terminals not 
more than thirty to thirty-five thousand feet 
above the level of the sea, and even this com- 
paratively-small elevation will be required 
chiefly for reasons of economy, and, if de- 
sired, it may be considerably reduced, since 
by such means as have been described prac- 
tically any potential that is desired may be 
obtained, the currents through the air strata 
may be rendered very small, whereby the loss 
in the transmission may. be reduced. . 

It will be understood that the transmitting 
as well as the receiving coils, transformers, 
or other apparatus may be in some cases mov- 
able—as, for example, when they are carried 
by vessels floating in the air or by ships at 
sea. In such a ease, or generally, the con- 
nection of one of the terminals of. the high- 
tension coil or coils to the ground may not be 
permanent, but may be intermittently or in-, 


: duetively established, and any such or simi- 
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lar modificatious I shall consider as within 
the scope of my invention. 

While the description here given contem- 
plates chiefly a method and system of energy 
transmission to a distance through the natu- 
ral media for industrial purposes, the princi- 
ples which T have herein disclosed and the ap- 
paratus which I have shown will obviously 
have many other valuable uses—as, for in- 
stance, when it is desired to transmit intelli- 
gible messages to great distances, or to illu- 
minate upper strata of the air, or to produce, 
designedly, any useful changes in the condi- 
tion of the atmosphere, or to manufacture 
from the gases of the same produets, as nitric 
acid, fertilizing compounds, or the like, by 
vhe action of such current impulses, for all 
of which and for many other valuable pur- 
poses they are eminently suitable, and I do 
not wish to limit myself in this respect. Ob- 
viously, also, certain features of my invention 
here disclosed will be useful as disconnected 


_ from the method itself—as, for example, in 
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other systems of energy transmission, for 


whatever purpose they may be intended, the 


transmitting and receiving transformers ar- 
ranged and ‘connected as illustrated, the fea- 
ture of a transmitting and receiving coil or 


conductor, both connected to the ground and , 


to an elevated terminal and adjusted so as 


to vibrate in synchronism, the proportioning ' 


of such conductors or coils; as above speci- 
fied, the feature of, a receiving-transformer 
with its primary connected to earth and to 
an elevated terminal and having the opera- 
tive devices in.its secondary, and other. fea- 
tures or particulars, such as have been de- 


scribed in this specification or will readily 


suggest themselves by a perusal of the same. 

“T do not claim in this application a trans- 
former for developing or converting eurrents 
of high potential in the form herewith shown 
and described and with the two coils eon- : 
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2, 1897, No. 593,138, nor do I elaim herein 
the apparatus employed in carrying out the 
method of this applieation when sueh appa- 
ratus is specially constructed and arranged 
for securing the. particular object sought in 
the present invention, as. these last-named 
features are made the subject of an applica- 
tion filed as a division of this application on 
February 19, 1900, Serial No. 5,780. 
What I now claim is— 


1. The method hereinbefore ‘described of 
transmitting electrical energy through the. 


natural media, which consists in producing 


at a generating-station a very high electrical 


pressure, causing thereby a propagation or 
flow of electrical energy, by conduction, 
through the earth and the air strata, and col- 
lecting or receiving at a distant point the elec- 


trical energy so propagated or caused to flow. 


2. The method hereinbefore described of 
transmitting electrical energy, which consists 
іп preducing at a gencrating-station a very 
high electrical pressure, conducting the eur- 
rent caused thereby to earth and to a termi- 
nal at an elevation at which the atmosphere 
serves as a conductor therefor, and collecting 
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the current by a second elevated terminal at ` 


a distance from the first. 

The method hereinbefore described of 
transmitting eleetrieal energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating-sta- 
tion, a sufficiently-high electromotive force to 
render elevated air strata conducting, caus- 
ing thereby a propagation or flow of electrical 
energy, by conduction, through the air strata, 


' and collecting or receiving at a point distant 
‘from the generating-station the electrical 


energy so propagated or caused to flow. 

4, The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating-sta- 
tion, a sufficiently-high electromotive force to 
render the air strata at or near the elevated 
terminal conducting, causing thereby a propa- 
gation or flow of electrical energy, by conduc- 
tion, through the air strata, and collecting or 
receiving at a point distant from the gener- 
ating-station the electrical energy.so propa- 
gated or caused to flow. 
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. The method hereinbefore described of - 


transmitting electrical energy through the 
natural media, which consists in producing 
between-the earth and a. generator-terminal 
elevated above the same, at a generating-sta- 


125 


tion, electrical impulses of a sufficiently-high . 


electromotive foree to render elevated air 
strata conducting, causing thereby current 
impulses to pass, by conduction, through the 
air strata, and collecting or receiving at a 
point distant from the generating-station, the 


nected together, as and for the purpose set | energy of the current impulses by means ‘of a 
forth, having made these improvements the | circuit synchronized with the impulses. 


subject of a patent granted to ine November 


G. The method hereinbefore deseribed of 
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35 


transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elsvated above the same, at a generating-sta- 
tion, electrical impulses of a suffieiently- high 
electromoti ve force to render the air strata at 
or near the elevated terminal conducting, 
causing thereby current impulses to pass 
through the air strata, and collecting or re- 
ceiving at a point. distant from the generat- 
ing - station the energy of the current im- 
pulses by means of a cireuit synchronized 
with the impulses. 

. The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating- 
station, electrical impulses of a wave length 
so related to the length of the generating cir- 
cuit or conductor as to produce the maximum 
potential at the elevated terminal, and of 
sufficiently-high electromotive force to ren- 
der elevated air strata conducting, causing 
thereby a propagation of electrical impulses 
through the air strata, and collecting or re- 
ceiving at a point distant from the generat- 
ing-station the energy of such impulses by 
means of a receiving-circuit having a length 
of conductor similarly related to "the wave 
length of the impulses. 

. The method hereinbefore: described of 
transmitting electrical energy through the 
natural media, which consists in producing 


between the earth and a generator-terminal 


elevated above the same, at a generating-sta- 
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tion, a sufficiently-high electromotive force 
to render elevated air strata conducting, caus- 
ing therebya propagation or-flow of electrical 
energy through the air strata, by conduction, 
collecting or receiving the energy so trans- 


mitted’ by means of a receiving-circuit at a 


point distant from the generating-station, us- 
ing the receiving-cireuit to energize a second- 
ary circuit, and operating translating de- 
vices by means of the energy so obtained i in 
the secondary circuit. 

9. The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in generating 
current impulses of relatively-low electromo- 
tive force at a generating-station, utilizing 
such impulses to energize the primary of a 
transformer, generating by means of such 
primary cireuit impulses i in a secondary sur- 
rounding by the primary and connected to 
the earth and to an elevated terminal, of suf- 
ficiently-high electromotive force to render 
elevated air strata conducting, causing there- 
by impulses to be propagated through the 
air strata, collecting or receiving the energy 
of such impulses, ata point distant from the 
generating-station, by means of a receiving- 
circuit connected to the earth and to an ele- 

vated terminal, and utilizing the energy 50 
received to energize aseconda ту circuitof low 
potential surrounding the receiving-circuit. 


NIKOLA A TESLA. 
Witnesses: 


.M. LAwsoN DYER, 
G. W. MARTLING. 
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UNITED STATES 


NIKOLA TESLA, 


OF NEW YORK, N. 


PATENT OFFICE. 


Y. 


APPARATUS FOR TRANSMISSION OF ELECTRICAL ENERGY. 


SPECIFICATION forming part of Letters Patent No, 649,621, dated May 15, 1900. 
Original application filed September 2.1897, Serlal No, 660,343, Divided dnd this application filed February 19,1900, Serial 


No, 5,780, 


(No model) 


fo all whom it may concern: 

Be it known that I, NIKOLA TESLA, a citi- 
zen of the United States, residing.at the bor- 
ough of Manhattan, in the eity of New York, 
county and State of New York, haveinvented 
certain new and useful Improvements in Ap- 
paratus for the Transmission of Electrical 
Energy, of which the following is a specifica- 
tion, reference being had to the drawing ac- 
companying and forming a part of the same. 

This application is a division of an applica- 
tion filed by me on September 2, 1897, Serial 
No. 650,343, entitled “Systems of transmis- 
sions of electrical energy,” and is based upon 
new and useful features and combinations of 
apparatus shown and described in said appli- 

cation for carrying out the method therein 
disclosed and claimed. 

The invention which forms the subject of 
my present application comprises a transmit- 
ting coil or conductor in which electrical cur- 
rents or oscillations are produced and which 
is arranged to cause such currents or oscilla- 
tions to be propagated by conduction through 
thenatural medium from one point to another 
remote therefrom and a receiving coil or con- 
ductor at such distant point adapted to be ex- 
eited by the oscillations or currents propa- 
gated from the transmitter. 

This apparatus is shown in the accompany- 
ing drawing, which is a diagrammatic illus- 
tration of the same. 

A is a coil, generally of many turns and of 
a very large diameter, wound in spiral form 
either about a magnetic core or not, as may 
be desired. C is a second coil formed by a 
conductor of much larger size and smaller 
length wound around and in proximity to the 
coil A, 

The apparatus at one point is used asa 
transmitter, the coil A in this case constitut- 
ing a high-tension, secondary, and the coil C 
the primary, of much lower tension, of a trans- 
former. In the circuit of the primary C isin- 
eluded a suitable source of current G. One 
terminal of the secondary A is at the center 
of the spiral coil, and from this terminal the 
current is led by a conductor B to a terminal 
D, preferably of large surface, formed or 
maintained by such means as a balloon at an 


elevation suitable for tlie purposes of trans: 
mission. ‘Ihe other terminal of thesecondary 
A is connected to earth, and, if desired, to 
the primary also, in order that the latter may 
be at substantially the same potential as the 
adjacent portions of the secondary, thus in- 
suring safety. At the receiving-station a 
transformer of similar construction is eni- 
ployed; butin this case the longer coil A’ con- 
stitutes tle primary, arid the shorter coil C’ 
the secondary, of the transformer. In the cir- 
cuit of the latter are connected lamps L, mo- 
tors M, or other devices for utilizing the cur- 
rent. Theelevated terminal D’' connects with 
the center of the coil A’, and the other ter- 
minal of said coil is connected to earth and 
preferably, also, to the coil C’ for the reasons 
above stated. 

The length of the thin wire coil in each 
transformer should be approximately one- 
quarter of the wave length of the electric dis- 
turbance in the circuit, this estimate being 
based on the velocity of propagation of the 
disturbance through the coil itself and the 
circuit with which it is designed to be used. 
By way of illustration, if the rate at which 
the current traverses the circuit including 
the coil be one hundred and eighty-five thou- 
sand miles per second then a frequency of 
nine hundred and twenty-five per second 
would maintain nine hundred and twenty-five 
stationary moves in a circuit one hundred 
and eighty-five thousand miles long and each 
wave would be two hundred milesi in length. 

For such a low frequency, which would be 
resorted to only when it is indispensable for 
the operation of motors òf the ordinary kind 
under the eonditions above assumed, I would 
use a secondary of fifty miles in length. By 
such an adjustment or proportioning of the 
length of wire in the secondary coil or coils 
the points of highest potential are made to 
coincide with the elevated terminals D D’, 
and it should be understood that whatever 
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length be given tothe wires this requirement 95 


should be complied with in order to obtain 
the best results. 

It will be readily understood that when the 
above-prescribed relations exist the best cori- 
ditions for resonance between the transmit- 
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ting and receiving circuits are attained, and 
owing to the fact that the points of highest po- 
tential in the coils or conductors A A’ are 
coincident with the elevated terminals the 
maximum flow of current will take place in 
the two coils, and this, further, necessarily 
implies that the capacity and inductance in 
each of the circuits have such values as to 
secure the most perfect condition of synchro- 
nism with the impressed oscillations. 


When the source of current G is in opera- 


tion and produces rapidly pulsating or oscil- 
lating currents in the circuit of coil C, cor- 


responding induced currents of -very-much | 


higher potential are generated in the second- 
ary coil A, and since the potential in the same 
gradually increases with the number of turns 
toward the center and the difference of poten- 
tial between the adjacent turns is compara- 
tively small a very high potential impractica- 
ble with ordinary coils may be successively 
obtained. 

As the main object for which the apparatus 
is designed is to produce a current of excess- 
ively-high potential, this object is facilitated 
by using a primary current of very consid- 
erable frequency; but the frequency of the 
currents is in a large measure arbitrary, for 
if the potential be sufficiently high and the 
terminals of the coils be maintained at the 
proper elevation where the atmosphere is 
rarefied the stratum of air will serve as a con- 
ducting medium for the current. produced 
aud the latter will be transmitted through the 
air, with, it may be, even less resistance than 
through an ordinary conductor. 

_ -As to the elevation of the terminals D D’, it 
is obvious that this is a matter which will be 
determined by a number of things, as by the 
amount and quality of the work to be per- 
formed, by the condition of the atmosphere, 
and also by the character of the surrounding 
country. Thus if there be high mountains 
in the vicinity the terminals should be ata 
greater height, and generally they should al- 


_ ways be at an altitude much greater than that 
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of the highest objects near them. Since by 
the means described practically any potential 
that is desired may be produced, the currents 
through the air strata may be very small, thus 
reducing. the loss in the air. 

The apparatus at the receiving-station re- 
sponds to the. currents propagated from the 
transmitter in à manner which will be well 
understood from the foregoing description. 
The-primary circuit of the receiver—that is, 
the thin wire coil A’—is excited by the cur- 
rents propagated by conduction through the 
intervening natural medium from the trans- 
mitter, and these currents induce in the sec- 
ondary coil C’ other currents which are util- 
ized for operating the devices included in the 
circuit thereof. 

Obviously the receiving-coils, transform- 
ers, or other apparatus may be movable—as, 
for instance, when they are carried by a ves- 
sel floating in the air or by a ship at sea, In 
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the former case the connection of one termi- 


nal of the receiving apparatus to the ground 
might not be permanent, but might be inter- 
mittently or inductively established without 
departing from the spirit of my invention. 
It is to be noted that the phenomenon here 
involved in the transmission of electrical en- 
ergy is one of true conduction and is not to 
be confounded with the phenomena of elec- 
trical radiation which have heretofore been 


| observed and which from the very nature and 


mode of propagation would render praetieally 
impossible the transmission of any appre- 
ciable amount of energy to such distances as 
are of practical importance. 

What I now claim as my invention is— 

1. The combination with a transmitting coil 
or conductor connected to ground and to an 
elevated terminal respectively, and means for 
producing therein electrical currents or oscil- 
lations, of a receiving coil or conductor simi- 
larly connected to ground and to an elevated 
terminal, at a distance from the transmit- 
ting-coil and adapted to be excited by eur- 
rents caused to be propagated from the same 
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by eonduetion through the intervening nat- .- 


ural medium, a secondary conductor in in- 
ductive relation to the receiving-conduetor 
and devices for utilizing the current in the 
circuit of said secondary conductor, as set 
forth. . 

2. Thecombination witha transmitting coil 
or conductor having its ends connected to 
ground and to an elevated terminal respec- 
tively, a primary coil in inductive relation 
thereto and a source of electrical oscillations 
in said primary circuit, of a receiving conduc- 
tor or coil having its ends connected to ground 
and to an elevated terminal respectively and 
adapted to be excited by currents caused to 
be propagated from the transmitter through 
the natural medium and a secondary cireuit 
in inductive relation to the receiving-cireuit 
and receiving devices connected therewith, 
as set forth. 

3. The combination with a transmitting in- 
strument comprising a transformer having its 
secondary connected to ground and to an ele- 
vated terminal respectively, and means for 
impressing electrical oscillations upon its pri- 
mary, of a receiving instrument comprising 
a transformer having its primary similarly 
connected to ground and to an elevated ter- 
minal, and a translating device connected 
with its secondary, the capacity and induct- 
ance of the two transformers having such 
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values as to secure synchronism with the i im- - 


pressed oscillations, as set forth. 

4. Thecombination with a transmitting in- 
strument comprising an electrical .trans- 
former having its secondary connected to 
ground and to an elevated terminal respee- 
tively, and means for impressing electrical 
oscillations upon its primary, of a receiving 
instrument comprising a transformer having 
its primary similarly connected to ground 
and to an elevated terminal, and a translat- 
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ing device connected with its secondary, the 
capacity and inductance of the secondary of 
the transmitting and primary of the receiv- 


. ing instruments having such values as to se- 
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cure synchronism with “the i impressed oscilla- 
tions, as set forth. 

5. 'The combination with a transmitting coil 
or conductor connected to ground and an ele- 
vated terminal respectively, and means for 
producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele- 
vated terminal and synchronized with the 
transmitting coil or conductor, as set forth. 

6. The combination with a transmitting in- 
strument comprising ап electrical trans- 
former, having its secondary connected to 
ground and to. an elevated terminal respec- 
tively, of a receiving instrument comprising 
a transformer, having its primary similarly 
connected to ground and to an elevated ter- 
minal, the receiving-coil being synchronized 
with that of the transmitter, as set forth. 

7. Thecombination witha transmitting coil 
or conductor connected to ground and to an 
elevated terminal respecti vely, and means for 
producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele- 

vated terminal, the said coil or coils having 
a length equal to one-quarter, of the wave ! 





length of the disturbance propagated, as set 
forth. 

8. Thecombination with a transmitting coil 
or conductor connected to ground and to an 
elevated terminal respectively, and adapted 
to cause the propagation of currents or oscil- 
lations by conduction through the natural 
medium, of a receiving-cireuit similarly con- 
nected to ground and to an elevated termi- 
nal, and of a capacity and inductance such 
that its period of vibration is the same as that 
of the transmitter, as set forth. 

9. The transmitting or receiving circuit 
herein described, connected to ground and 
an elevated terminal respectively, and ar- 
ranged in such manner that the elevated ter- 
minal is charged to the maximum potential 
developed in the circuit, as set forth. 

10. The combination ‘with a transmitting 
coil or conductor connected to ground and to 
an elevated terminal respectively of a receiv- 

ing-eireuit having a period of vibration cor- 
responding to that of the transmitting-eireuit 
and similarly connected to ground and to an 
elevated terminal and so arranged that the 
elevated terminal is charged to the highest 
potential developed in the eireuit, as set forth, 
NIKOLA TESLA 

Witnesses: - 
PARKER W. PAGE, 

MARCELLUS BAILEY: 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF INSULATING ELECTRIC CONDUCTORS: 


SPECIFICATION forming part of Letters Patent No. 655,838, dated August 14, 1900. 
Application filed June 15,1900, Serial No, 20,405. (No specimens.) 


To all whom it may concern: 

Be it known that I, NIKOLA. TESLA, a citi- 
zen -of the United States, residing in the bor- 
ough of Manhattan, in the city, county, and 
Stateof New York, haveinvented certain new 
and useful Improvements in Methods of In- 
sulating Eleetrie Conduetors, of whieh the 
following is a specification, reference being 
had to the accompanying drawings. 

It has long been known that many sub- 
stances which are more or less conducting 
when in the fluid condition become insula- 
tors when solidified. Thus water, which is 
in a measure conducting, acquires insulating 
properties when converted intoice. The ex- 
isting information on this subject, however, 
has been heretofore of a general nature only 
and chiefly derived from the original observa- 
tions of Faraday, who estimated that the sub- 
stances upon which he experimented, such 
as water and aqueous solutions, insulate an 
electrically-charged conductor about one hun- 
dred times better when rendered solid by 
freezing, and no attempt has been made to 
improve the quality of the insulation obtained 
by this means or to practically utilize it for 
such purposes asare contemplated in my pres- 
ent invention. In the course of my own in- 
vestigations, more especially those of the elec- 
tric properties of ice, I have discovered some 
novel and important facts, of which the more 
prominent are the following: first, that under 
certain conditions, when the leakage of the 
electric charge ordinarily taking place is rig- 
orously prevented, ice proves itself to be a 
much better insulator than has heretofore ap- 
peared; second, that its insulating properties 
may be still further improved by the addition 
of other bodies to the water; third, that the 
dielectric strength of ice or other frozen 
aqueous substance increases with the reduc- 
tion of temperature and corresponding in- 
crease of hardness, and, fourth, that these 
bodies afford a still more effective insulation 
for conductors carrying intermittent or alter- 
nating currents, particularly of high rates, 
surprisingly-thin layers of ice being capable 
of withstanding electromotive forces of many 
hundreds and even thousands of volts. These 
and other observations have led me to the in- 
vention of a novel method of insulating con- 
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] above facts and advantageous in the utiliza- 


tion of electrical energy for industrial and 
commercial purposes. Broadly stated, the 
method consists in insulating an electric con- 
ductor by freezing or solidifying and main- 
taining in such state, by the circulation of a 
cooling. agent, the material surrounding or 
contiguous to the conductor. 

In the practical carrying out of my method 
I may employ a holiow conductor and pass 
the cooling agent through the same, thus 
freezing the water or other medium in con- 
tact with or close to such conductor, or I may 
use expressly for the circulation of the cool- 
ing agent an independent channel and freeze 
or solidify the adjacent substanee, in which 
any number of conductors may be embedded. 
The conductors may be bare or covered with 
some material which is capable of keeping 
them insulated when it is frozen or solidified. 
The frozen mass may bein direct touch with 
the surrounding medium orit may be in a đe- 
gree protected from contact with the same by 
am inclosure more or less impervious to heat. 
The cooling agent may be any kind of liquid, 
preferably of low freezing-point, as brine, or 
it may be a gas, as atmospheric air, oxygen, 
earbornie acid, ammonia, illuminating-gas, or 
hydrogen. It may be forced through the 
channel by gravity, pressure, or suction, pro- 
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duced mechanically or otherwise, or by any | 


other kind of force. It may be continually 
renewed or indefinitely used by being alter- 
nately volatilized and condensed or evapo- 
rated and absorbed and mechanically driven 
back and forth or steadily circulated in a 
closed path under any suitable conditions as 
regards pressure, density, temperature, and 
velocity. 

To conduce to a better understanding of the 
invention, reference is now made to the ac- 
companying drawings, in which— 

Figures 1, 3, 6, 7, 8, and 9 illustrate in lon- 
gitudinal section typical ways of carrying 
out my invention; and Figs. 2, 4, 5, and 10, 
in section or partly so, constructive details 
to be deseribed. 

In Fig. 1, C is a hollow conductor, such as 


a steel tube, laid in a body of water and com- 


munieating with a reservoir r’, but electric- 
ally insulated from the same atj. A pump 


ductors, rendered practicable by reason of the | or compressor p of any suitable construction 
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connects 7 with another similar tank 1°, pro- 
vided with an inlet-valve2?. The air orother 
gas which is used as the cooling agent enter- 
ing through the valve v7 is drawn through the 
tank 7* and pump p into the reservoir 7”, es- 
caping thence through the conductor C under 
any desired pressure, which may be regulated 
by a valve v'. Both the reservoirs r' and r? 
are kept at a low temperature by suitable 
means, as by coils or tubes? /' and ? P, through 
which any kind of refrigerating fluid may be 
eireulated, some provision being preferably 
made for adjusting the flow of the same, as 
by valves v'. The gas continuously passing 
through the tube or conductor C being very 
eold will freeze and maintain in this state the 
water in contact with or adjacent to the соп- 
ductorand soinsulateit. Flanged bushings 
4 # of non-conducting material may be used 
to prevent the leakage of the current which 
would otherwise occur, owing to the forma- 
tion of a superficial film of moisture over the 
ice projecting out of the water. The tube, 
being kept insulated by this means, may then 
be employed in the manner of an ordinary 
telegraphic or other cable by connecting 
either or both of the terminals 0’ b? in a cir- 
cuit including the earth. 

In many eases it will be of advantage to 
cover the hollow conductor with a thick layer 
of some cheap material, as felt, this being in- 
dicated ру С? іп Fig. 2. Such a covering, 
penetrable by water, would be ordinarily of 
little or no use; but when embedded in the 
ice it improves the insulating qualities of the 
same. In thisinstanceit furthermore serves 
to greatly reduce the quantity of ice required, 
its rate of melting, and the influx of heat 
from the outside, thus diminishing the ex- 
penditure of energy necessary for the main- 
tenance of normal working conditions. Ав 
regards this energy and other particulars of 
importance they will vary according to the 
special demands in each case. 

Generally considered, the cooling agent will 
have to carry away heat at a rate sufficient 
to keep the conductor at the desired temper- 
ature and to maintain a layer of the required 
thickness of the substance surrounding it in 
a frozen state, compensating continually for 
the heat flowing in through the layer and 
wall of the conductor and that generated by 
mechanical and electrical friction. To meet 
these conditions, its cooling capacity, which 
is dependent on the temperature, density, ve- 
locity, and specific heat, will be calculated 
by the help of data and formulæ familiar to 
engineers. Air will be, as a rule, suitable 
for the use contemplated; but in exceptional 
instances some other gas, as hydrogen, may 
be resorted to, which will permit a much- 
greater rate of cooling and a lower tempera- 
ture to be reached. Obviously whichever 
gas be employed it should before entering the 
hollow conductor or channel be thoroughly 
dried and separated from all which by con- 
densation and deposition or otherwise might 





cause an obstruction to its passage. For 
these purposes apparatus may be employed 
which is well known and which it is unnec- 
essary to show in detail. 

Instead of being wasted at the distant sta- 
tion the cooling agent may be turned to some 
profitable use. Evidently in the industrial 
and commercial exploitation of my invention 
any kind of fluid capable of meeting the re- 
quirements may be conveyed from one to 
another station and there utilized for refrig- 
eration, power, heating, lighting, sanitation, 
chemical processes, or any other purpose to 
which it may lend itself, and thus the reve- 
nue of the plant may be inereased. 

As to the temperature of the conductor it 
will be determined by the nature of its use 
and considerations of economy. For in- 
stance, if it be employed for the transmis- 
sion of telegraphic messages, when the loss 
in electrical friction may be of no conse- 
quence, a very low temperature may not be 
required; but if it be used for transmitting 
large amounts of electrical energy, when the 
frictional waste may be a serious drawback, 
it will be desirable to keep it extremely cold. 
The attainment of this object will be facili- 
tated by any provision for reducing as much 
as possible the flowing in of the heat from 
the surrounding medium. Clearly the lower 
the temperature of the conductor the smaller 
will be the loss in electrical friction; but, on 
the other hand, the colder the conductor the 
greater will be the influx of heat from the 
outside and the cost of the cooling agent. 
From such and similar considerations the 
temperature securing the highest economy 
will be ascertained. 

Most frequently in the distribution of elec- 
tricity for industrial purposes, as in my sys- 
tem of power transmission by alternate cur- 
rents, more than one conductor will be re- 
quired, and in such cases it may be conven- 
ient to circulate the cooling agent in a closed 
path formed by the eonduetors. A plan of 
this kind is illustrated in Fig. 3, in which C' 
and C? represent two hollow conductors em- 
bedded in a frozen mass underground and 
communicating, respectively, with the reser- 
voirs R' and E?, which are connected by a re- 
ciprocating or other suitable pump P. Cool- 
ing coils or tubes T T and T? T? with regu- 
lating-valves v' v” are employed, which are 
similar to and serve the same purpose as those 
shown in Fig. 1. Other features of similar- 
ity, though unnecessary, are illustrated to fa- 
cilitate an understanding of the plan. A 
three-way valve V? is provided, which when 
placed with its lever / as indieated allows 
the cooling agent to enter through the tubes 
w м? апа pump P, thus filling the reservoirs 
R’ R? and hollow conductors C’ C?; but when 
turned ninety degrees the valve shuts off the 
communication to the outside through the 
tube w and establishes a connection between 
the reservoir R? and pump P through the 
tubes wand w’, thus permitting the fluid to be 
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circulated in the closed path © C? R? 4 4? P 
R’ by the action of the pump. Another valve 
V' of suitable construction may be used for 
regulating the flow of the cooling agent. The 
conductors C’ C? are insulated from the res- 
ervoirs R’ R? and from each other at the joints 
J' J* J’, and they are, furthermore, protected 
at the places where they enter and leave the 
ground by flanged bushings T T P P, ofin- 
sulating material, which extend into the 
frozen mass in order to prevent the current 
from leaking, as above explained. Binding- 
posts B' B' and. B* B? are provided for con- 
necting the conductors to the circuit at each 
station. 

In laying the conductors, as C’ C2, what- 
ever be their number, a trench will generally 
be dug and a trough, round or square, as T, 
of smaller dimensions than the trench placed 
in the same, the intervening space being 


‘packed with some material (designated by M 


MM) more or less impervious to heat, as saw- 
dust, ashes, or the like. Next, the conductors 
will þe put in position and temporarily sup- 
ported in any convenient manner, and finally 
the trough will be filled with water or other 
substance W, which will be gradually frozen 
by circulating the cooling agent in the closed 
path, as before deseribed. Usuallythetrench 
will not be level, but will follow the undula- 
tions of the ground, and this will make it nec- 
essary to subdivide the trough in sections or 
to effect the freezing of the substance filling 
itsuecessivelyin parts. This being done and 
the conductors thus insulated and fixed, a 
layer of the same or similar material M M M 
will be placed on the top and the whole cov- 
ered with earth or pavement. The trough 
may be of metal, as sheet-iron, and in cases 
where the ground is used as return-circuit it 
may serve as a main or it may be of any kind 
of material more or less insulating. Figs. 4 
and 5 illustrate in cross-section two such un- 
derground troughs T' and T", of metal sheet, 
with their adiathermanous inclosures, (desig- 
nated M' and M", respectively,) each trough 
containing a single central hollow conductor, 
as C'and C", In the first ease the insulation 
W' is supposed to be ice, obtained by freezing 
water preferably freed of air in order to ex- 
clude the formation of dangerous bubbles or 


'eavities, while in the second ease the frozen : 


mass W” is some aqueous or other substance 
or mixture highly insulating when in this 
condition. 

It should be stated that in many instances 
it may be practicable to dispense with a 
trough by resorting to simple expedients in 
the placing and insulating of the conductors. 
In fact, for some purposes it may be sufficient 
to simply cover the latter with a moist mass, 
as cement or other plastic material, which so 
long as it is kept at a very low temperature 
and frozen hard will afford adequate insula- 
tion. 

Another typical way of carrying out my in- 


vention, to which reference has already been. | 





made, is shown in Fig. 6, which represents 
the cross-section of a trough, the same in 
other respects as those before shown, but con- 
taining instead of a-hollow conductor any 
kind of pipe or conduit L.. The cooling agent 
may be driven in any convenient manner 
through the pipe for the purpose of freez- 
ing the water or other substance filling the 
trough, thus insulating and fixing a number 
of conductorse ce. Such a plan may be par- 
ticularly suitable in cities for insulating and 
fixing telegraph and telephone wires or the 
like. In such cases an exceedingly-low tem- 
perature of the cooling agent may not be re- 
quired, and the insulation will be obtained 
at the expense of little power. Тһе conduit 
L may, however, be used simultaneously for 
conveying and distributing any kind of fluid 
for which there is a demand through the dis- 
trict. Obviously two such conduits may be 


| provided and used in a similar manner as the 


conductors С’ ©. 

It will often be desirable to place in the 
same trough a great number of wires or con- 
ductors serving fora variety of purposes. In 
such a case a plan may be adopted which is 
illustrated in Fig. 7, showing a trough simi- 
lar to that in Fig. 6, with the conductors in 
cross-section. The cooling agent may be in 
this instance circulated, as in Fig. 3 or other- 
wise, through the two hollow conductors C? 
апа С“, which, if found advantageous, may be 
covered with a layer of cheap material m m, 
such as will improve their insulation, but 
not prevent the freezing or solidification of 
the surrounding substance W. The tubular 
conductors C’ C*, preferably of iron, may then 
serve to convey heavy currents for supplying 
light and power, while the small ones c' c' c', 
embedded in the ice or frozen mass, may be 
used for any other purposes. 

While my invention contemplates, chiefly, 
the insulation of conductors employed in the 
transmission of electrical energy toa distance, 
it may be, obviously, otherwise usefully ap- 
plied. In some instances, for example, it 
may be desirable to insulate and support acon- 
ductor in places as ordinarily done by means of 
glass or porcelain insulators. This may be 
effected in many ways by conveying a cool- 
ing agent either through the conductor or 
through an independent channel and freez- 
ing or solidifying any kind of substance, thus 
enabling it to serve the purpose. Such an 
artificial insulating-support is illustrated in 
Fig. 8, in which a represents a vessel filled 
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with water or other substance w, frozen by . 


the agent circulating through the hollow con- 
ductor C”, which is thus insulated and sup- 
ported. To improve the insulation on the 


top, where it is most liable to give way, a 
layer of some substance w', as oil, may be 
used, and the conductor may be covered near 
the support with insulation 7 7, as shown, the 
same extending into the oil for reasons well 
understood. 

Another typical application of my inven- 
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tion is shown in Tig. 9, in which P’ and 85! 
represent, respectively, the primary and sec- 
ondary conductors, bare or insulated, of a 
transformer, which are wound on a соге N 
and immersed in water or other substance W, 
containing ajar Hand, as before stated, pref- 
erably freed of air by boiling or otherwise. 
The cooling agent is circulated in any con- 
venient manner, as through the hollow pri- 
mary P’, for the purpose of freezing the sub- 
stanco W. Flanged bushings d d and oil- 
eupsee, extending intothe frozen mass, illus- 
trate suitable means for insulating the ends 


of the two conductors and preventing the 


leakage of the currents. A transformer, as 
described, is especially fitted for use with cur- 
rents of high frequency, when a low tempera- 
ture of the conductors is particularly desir- 
able, and ice affords an exceptionally-effect- 
ive insulation. 

It will be understood that my invention 
may be applied in many other ways, that the 
special means here described will be greatly 
varied according to the necessities, and that 
in each case many expedients will be adopted 
which are well known to engineers and elec- 
tricians and on which it is unnecessary to 
dwell. However, it may be useful to state 
that in some instances a special provision will 
have to be made for effecting a uniform cool- 
ing of the substance surrounding the conduc- 
tor throughoutits length. Assuming in Fig. 
1 the cooling agent to escape at the distant 
end freely into the atmosphere or into a res- 
ervoir maintained at low pressure, it will in 
passing through the hollow conductor C move 
with a velocity steadily increasing toward the 
end, expanding isothermally,or nearly so,and 
henee it will eause an approximately-uniform 
formation of ice along the conductor. Inthe 
plan illustrated in Fig. 3 a similar result will 
be in a measure attained, owing to the com- 
pensating effect of the hollow conductors C’ 
and C*, which may be still further enhanced 
by reversing periodically the direction of the 
flow in any convenient manner; but in many 
cases special arrangements will have to be 
employed to render the cooling more or less 
uniform. For instance, referring to Figs. 4, 
5, and 6, instead of a single channel two con- 
centric channels L' and L? may be provided 


and the cooling agent passed through one and ` 


returned through the other, as indicated dia- 
grammatically in Fig. 10. In this and any 
similar arrangement when the flow takes place 
in opposite directions the object aimed at will 
be more completely attained by reducing the 
temperature of the circulating cooling agent 
at the distant station, which may be done by 
simply expanding it into a large reservoir, as 
ЕЗ, от cooling it by means of a tube or coil 
1°, or otherwise. Evidently in the case illus- 
trated the concentric tubes may be used as 
independent conductors, insulated from each 
other by the intervening fluid and from the 
ground by the frozen or solidified substance. 

Generally in the transmission of electrical 





energy in large amounts, when the quantity 
of heat to be carried off may be considerable, 
refrigerating apparatus thoroughly protected 
against the inflow of heat from the outside, 
as usual, will be employed at both the sta- 
tions and, when the distance between them is 
very great, also at intermediate points, the 
machinery being advantageously operated by 
the currents transmitted or fluids conveyed. 
In such cases a fairly-uniform freezing of the 
insulating substance will be attained with- 
out difficulty by the compensating effect of 
the oppositely-eireulating cooling agents. In 
large plants of this kiud, when the saving of 
electrieal energy in the transmission is the 
most important eonsideration or when the 
chief object is to reduce the cost of the mains 
by the employment of cheap metal, as iron, 
ov otherwise, every effort will be made to 
maintain the conductors at the lowest possi- 
ble temperature, and well-known refrigerat- 
ing processes, as those based on the regener- 
ative principle, may be resorted to, and in 
this and any other case the hollow conduc- 
tors or channels instead of merely serving 
the purpose of conveying the cooling agent 
may themselves form active parts of the re- 
frigerating apparatus. 

From the above description it will be read- 
ily seen that my invention forms a funda- 
mental departure in principle from the es- 
tablished methods of insulating conductors 
employed in the industrial and commercial 
application of electricity. It aims, broadly, 
at obtaining insulation by the continuous ex- 
penditure of a moderate amount of energy 
instead of securing it only by virtue of an 
inherent physical property of the material 
used, as heretofore. More especially its ob- 
ject is to provide, when and wherever re- 
quired, insulation of high quality, of any de- 
sired thickness and exceptionally cheap, and 
to enable the transmission of electrical en- 
ergy under conditions of economy heretofore 
unattainable and at distances until now im- 
practicable by dispensing with the necessity 
of using costly conductors and insulators, 

What I claim as my invention is— 

1. The method of insulating electric con- 
ductors herein described which consists in 
imparting insulating properties to a material 
surrounding or contiguous to the said con- 
ductor by the continued action thereon of a 
cooling agent, as set forth. 

2. The method of insulating electric con- 
ductors herein described which consists in re- 
ducing to and maintaining in a frozen or so- 
lidified condition the material surrounding 
or contiguous to the said conductor by the 
action thereon of a cooling agent maintained 
in circulation through one or more channels 
as set forth. 

3. The method of insulating electric con- 
ductors herein described which consists in 
surrounding or supporting the conductor by 
material which acquires insulating properties 
when in a frozen or solidified state, and main- 
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taining the material in such a state by the 
circulation through one or more channels ex- 
tending through it of a cooling agent, as set 
forth. 

4, The method of insulating an electric con- 
ductor which consists in surrounding or sup- 
porting said conductor by a material which 
acquires insulating properties when frozen or 
solidified, and maintaining the material in 
such state by passing a cooling agent continu- 
ously through a channel in said conductor, 
as set forth. 

5. The method of insulating electrie con- 
ductors, which consists in surrounding or 
supporting the said conductors by a material 
which acquires insulating properties when in 
a frozen or solidified state, and maintaining 
the material in such state by the continued 
application thereto of a cooling agent, as set 
forth. 

6. The method of insulating conductors 
herein set forth which consists in surround- 





ing or supporting the conductors by a ma- 
terial which acquires insulating properties 
when in a frozen or solidified state, and main- 
taining the material in such state by the cir- 
culation of a cooling agent through a circuit 
of pipes or tubes extending through the said 
material as set forth. 

7. The method of insulating electric con- 
ductors which consists in laying or support- 
ing the conductors in a trough or conduit 
filling the trough with a material which ac- 
quires insulating properties when frozen or 
solidified, and then causing a cooling agent 
to circulate through one or more channels ex- 
tending through the material in the trough 
so as to freeze or solidify the material, as 
set forth. 


NIKOLA TESLA. 


Witnesses: 
PARKER W. PAGE, 
M. LAwSON DYER. 
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To ail whom it may concern: 


Be it known. that I, NIKOLA TESLA, а citi- 


zen of the United States, residing at the bor- 
ough of Manhattan, in the city, county, and 
5 State of New York, have invented certain new 
and useful Improvements in Means for In- 
creasing the Intensity-of Electrical Oscilla- 


tions, of which the following isa specification, . 


reference being had to the drawings accom- 
Io panying and forming part of the same. 

In many scientific and practical uses of 
electrical impulses or oscillations—as, for ex- 
ample, in systems of transmitting intelligence 
to distant points—it is of great *mportance to 
intensify as-much as possible tne current im- 
pulses or vibrations which dre produced in 
the circuits-of the transmitting and receiv- 
ing instruments, particularly of the latter. 

It is well known that when electrical im- 
pulses are impressed upon a circuit adapted 
to oscillate freely the intensity of the oscilla- 
tions developed in the same is dependent on 
the magnitude of its physical constants and 
ihe relation of the periods of the impressed 
and of the free oscillations. For the attain- 
ment of the best result it is necessary that 
the periods of the impressed should be the 
same as that of the free oscillations, under 
which conditions the intensity of the latter is 
greatest and chiefly dependent on the induc- 
tance and resistance of the circuit, being di- 
rectly proportionate to the former and in- 
versely to the latter. In order, therefore, to 
intensify the impulses or oscillations excited 
5 in the cireuit—in other words, to produce the 

greatest rise of current or electrical pressure 

in ihe same—it-js desirable to make its in- 
duetance as large and its resistance as small as 
practicable. Having this end in view I have 
devised and used conductors of special forms 
and of relatively very large cross-section; but 

I have found that limitations exist in regard 

to the increase of the inductance as well as to 
_ the diminution of the resistance. This will 
45 be understood when it is borne in mind that 


5 


o 


the resonant rise of current or pressure in. 


a freely - oscillating circuit is proportionate 
to the frequency of the impulses and that a 
large inductance in general involves a slow 
On the other hand, an increase of 
the scetion of the conductor with the object 
of reducingits resistance is, beyond a certain 


limit, of little or no value, principally becausé | 
electrical oscillations, particularly those of 


‘high frequency, pass mainly through the su- 


perficial conducting layers, and while it is 
true that this drawback may be overcome in 
a measure by the employment of thin ribbons, 
tubes, or stranded cables, yet in practice other 
disadvantages arise, which often more than 
offset the gain. i 

It is a well-established fact that as the tem- 
perature of a metallic conductor rises its elec- 
trical resistance increases, and in recognition 
of this constructors of commercial electrical 
apparatus have heretofore resorted to many 
expedients for preventing the coils and other 
parts of the same from becoming heated when 
in use, but merely with a view to economiz- 
ing energy and reducing the cost of construc- 
tion and operation of the apparatus. 

Now I have discovered that when a circuit 
adapted to vibrate freely is maintained at a 
low temperature the oscillations excited in 
the same are to an extraordinary degree mag- 
nified and prolonged, and I am thus enabled 
to produee many valuable results whieh have 
heretofore been wholly impracticable. 

Briefly stated, then, my invention consists 
in producing a great increase in the intensity. 
and duration of the oscillations excited ina 
freely-vibrating or resonating circuit by main- 
taining the same at a low temperature. 

Ordinarily in commercial apparatus such 
provision is made only with the object of pre- 
venting wasteful heating, and in any event 
its influence upon the intensity of the'oscilla- 
tions is very slight-and practically negligible, 
for-as a rule impulses of arbitrary frequency 
are impressed upon a circuit, irrespective of 
its own free vibrations, and a resonant rise is 
expressly avoided. 

My invention, it will be understood, does 
not primarily contemplate the saving of en- 
ergy, but aims at the attainment of a dis- i 
tinctly novel and valuable result— that is, the 
inerease to the greatest practicable degree of 
the intensity and duration of free oscillations. 
It may be usefully applied in all cases when 
this special object is sought, but offers ex- 
ceptional advantages in those instances in 
which the freely-oscillating discharges. of a 
condenser are utilized. 

The best and most convenient manner of. 


См 


2 


carrying out the invention of which I am now 
aware is to surround the freely-vibrating cir- 
euit or conductor, which is to be maintained 
at a low temperature, with a suitable cooling 
medium, which may be any kind of freezing 
mixture or agent, such as liquid air, and in 
order to derive the fullest benefit from the 
improvement the circuit should be primarily 


: eonstructed so as to have the greatest possi- 


то 


15 


26 


25 


"ble self-induction and the smallest practica- 


bleresistanee, and other rules of construction 


‘which are now recognized should be observed. 
For example, when in a system of transmis- 


sion of energy for any purpose through the 
natural media the transmitting and receiving 
conductors are connected to earth and to an 


insulated terminal, respectively, the lengths 


of these conductors should be one-quarter of 
the wave length of the disturbance propa- 
gated through them. . 
_ Inthe accompanying drawing Ihave shown 
graphically. a disposition of apparatus which 
may be used in applying practically my іп- 
vention. 

The drawing illustrates in perspective two 
devices, either of which may be the transmit- 
ter, while the other is the receiver. ~ In each 


. there is a coil of few turns and low resistance, 


. (designated in one by A and in the other by 
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А.) The former coil, supposed to be form-. 


ing part of the transmitter, is to be connected 
with a suitable source of current, while the 
latter is to be included in circuit with a re- 
ceiving device. In inductive relation to said 
coils in each instrument is a flat spirally- 
wound eoil B or B', one terminal of which is 
shown as connected to a ground-plate C, while 
the other, leading from the center, is adapted 
to be connected to an insulated terminal, 
which is generally maintained at an elevation 
in the air. The coils B B’ are placed in in- 
sulating - receptacles D, which contain the 
freezing agent and around which the coils A 
and A'are wound. | 

Coils in the form of a flat spiral, such 4g 
those deseribed, are eminently suited for the 
production of free oscillations; but obviously 
conductors or circuits of any other form may 
be used, if destred. 

From the forégoing the operation of the ap- 
paratus will now be readily understood. As- 
sume, first, as the simplest case that upon 
the coil A of the transmitter impulses or os- 
cillations of an arbitrary frequency and irre- 


‘spective of its own free vibrations are im- 


pressed. Corresponding oscillations will then 
be induced in the cirenit B, which, being con- 
structed and adjusted, as before indicated, so 
as to vibrate at the same rate, will greatly 
magnify them, the increase being directly 
proportionate to the product of the frequency 
of the oscillations and the inductance of cir- 
cuit D and inversely to the resistance of the 
latter, Other conditions remaining the same, 
the intensity of the oscillations in the reso- 
nating-circuit B will be increased in the same 
proportion as its resistance is reduced. Very 
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often, however, the conditions may be such 
that the gain sought is not realized direetly 
by.diminishing the resistance of the circuit, 


In such cases the skilled expert who applies 


the invention will turn to advantage the re- 
duction of resistance by usipg a correspond- 
ingly longer conductor, thus securing a much 
greater self-induction, and under all circum- 
stances he will determine the dimensions of 
the circuit, so as to get the greatest valueof 
the ratio of its inductance to its resistance, 
which determines the intensity of the free os- 
cillations. The vibrations of coil B, greatly 
strengthened, spread to a distance and on 
reaching the tuned receiving-conductorB’ ex- 
cite corresponding oscillations in the same, 
which,for similar reasons are intensified, 


with the result of inducing correspondingly . 


stronger currents or oscillations in circuit A’, 
including the receiving device. When, as 
may be the case in the transmission of intel- 
ligible signals, the circuit A is periodically 


-closed and. opened, the effect upon the re- 


ceiver is heightened in-the manner above de- 
seribed not only because the impulses in the 
coils B and B’ arestrengthened, butalso оп ас: 
count of their persistence through a longer 
interval of time. The advantages offered by 
the invention are still more fully realized 
when the circuit A of the transmitter instead 
of having impulses of an arbitrary frequency 
impressed upon itis itself permitted to vibrate 


at its own rate, and more particularly so if it - 


be energized by the freely-oscillating high-fre- 
queney diseharges of a condenser. Insucha 
case the cooling of the conductor A, which may 
be effected in any suitable manner, results in 


an extraordinary magnification of the oscilla-. 
tion in the resonating-eireuit B, which I at- 


tribute to the increased intensity as well as 
greater number of the high-frequency oscilla- 
tions obtained inthe circuitA. Thereceiving- 
coil B' is energized strongerin proportion and 
induces currents of greater intensity in the 
circuit A’. Itis evident from the above that 
the greater the number of the freely-vibrating 
circuits which alternately receive and trans- 
mit energy from one to another the greater, 
relatively, will be the gain secured by apply- 
ing my invention. 

I do not of course intend to limit myself to 
the specific manner and means described of 
artificial cooling, nor to the particular forms 
and arrangements of the circuitsshown. By 
taking advantage of the facts above pointed 
out and of the means described I have found 
it possible to secure a rise of electrical pres- 
sure in an excited circuit very many times 
greater than has heretofore been obtainable, 
and this result makes it practicable, among 
other things, to greatly extend thé distance 
of transmission of signals and to exclude much 


more effectively interference with the same; 


than has been possible heretofore. _ 
Having now described my invention, what 
T claim is— | | 
1. The combination with a eireuit adapted 
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to vibrate treely, of means for artificially cool- 
ing the same to a low temperature, as herein 
set forth. . 

2. In an apparatus for transmitting or re- 
ceiving electrical impulses or oscillations, the 
combination with a primary and a secondary 
circuit, adapted to vibrate freely in response 
to the impressed oscillations, of means for 
artificially cooling the same to a low tempera- 
ture, as herein set forth. 

3. In a system for the transmission of elec- 


‘trical energy, a circuit upon which electrical 


oscillations are im pressed, and which is adapt- 
ed to vibrate freely, in combination with a re- 
ceptacle containing an artificial refrigerant 
in which said circuit is immersed, as herein 
set forth. 


4. The means of increasing the intensity | 


of the electrical impulses or oscillations im- 
pressed upon a freely-vibrating cireuit, con- 


3 


sisting of an artificial refrigerant combined 
with and applied to such circuit and adapted 
to maintain the same at a low temperature. 

5. The means of intensifying and prolong- 
ing the electrical oscillations produced in a 
freely-vibrating circuit, consisting of an arti- 
ficial refrigerant applied to such circuit and 
adapted to maintain the same at a uniformly- 


low temperature. 


6. In a system for the transmission of en- 
ergy, a series of transmitting and receiving 
circuits adapted to vibrate freely, in combi- 
nation with means for artificially maintain- 
ing the same at a low temperature, as set 
forth. 
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То all whom tt nay concert: 

Beit known that I, NIKOLA TESLA, acitizen 
of the United States, residing at New York, 
in the county and State of New York, have 
invented a new and useful Improvement in 
Methods of Intensifying and Utilizing Effeets 
Transmitted Through the Natural Media, of 
whieh the following is a specification, refer- 
ence being had to the accompanying draw- 
ings, which form a part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving 
device through the natural media; and it con- 
sists in a novel method by means of which 
results hitherto unattainable may be secured. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are now known and have been ap- 
plied with more or less success for accomplish- 
ing a variety of useful results. One of these 
ways consists in producing by a suitable ap- 
paratus rays or radiations—that is, disturb- 
ances—which are propagated in straight lines 
through space, directing them upon a receiv- 
ing or recording apparatus at a distance, and 
thereby bringing the latterinto action. This 
method is the oldest and best known and has 
been brought particularly into prominence 
in recent, years through the investigations of 
Heinrich Hertz, Another method consistsin 
passing a current through a circuit, prefer- 
ably one inclosing a very large area, inducing 
thereby in a similar circuit situated at a dis- 
tance another current and affecting by the 
same in any convenient way a receiving de- 
vice. Still another way, which has also been 
known for many years, is to pass in any suit- 
able manner a current through a portion of 
the ground, as by connecting to two points 
of the same, preferably at a considerable dis- 
tance from each other, the two terminals of a 
generator and to energize by a part of the cur- 
rent diffused through the eartha distant cir- 
cuit which is similarly arranged and ground- 
ed at two points widely apart and which is 
made to act upon a sensitive receiver. These 


various methods have their limitations, one 
especially, which is common toall, being that 
the receiving circuit or instrament must be 
maintained in a definite position with respect 





to the transmitting apparatus, which often 
imposes great disadvantages upon the use of 
the apparatus. 

In several applications filed by me and pat- 
ents granted to me I have disclosed other 
methods of accomplishing results of this na- 
ture, which may be briefly described as fol- 
lows: In one system the potential of a point 
or region of the earth is varied by imparting 
to it intermittent or alternating electrifica- 
tions through one of the terminals of a suit- 
able source of electrical disturbances which, 
to heighten the effect, has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit which generally 
hag its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a highly-sensitive receiver. 
Another method is based upon the fact that 
the atmospheric air which behaves as an ex- 
cellent insulator to currents generated by or- 
dinary apparatus becomes a conductor under 
the influence of currents or impulses of enor- 
mously-high electromotive force which I have 
devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired effects at distances, however 
great. This method, furthermore, allows ad- 
vantage to be taken of many of those im- 
provements which are practicable in the or- 
dinary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
itis desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer- 
tain forms of high-frequency apparatus which 


! Thave devised and which are now well known 


important practical advantages are in this re- 
spect secured. Furthermore, since in most 
eases the amount of energy conveyed to the 
distant circuit is but a minute fraction of the 
total energy emanating from the source it is 
necessary for the attainment of the best re- 
sults that whatever the character of the re- 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation 
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of the receiver, and with this object in view 1 
I have heretofore among other means em- 
ployed a receiving-circuit of high self-induoc- 
tion and very small resistance and of a pe- 
riod such as to vibrate in synchronism with 
the disturbances, whereby a number of sep- 
arate impulses from the source were made to 
cooperate, thus magnifying the effect exerted 
upon and insuring the action of the receiv- 
ing device. By these means decided advan- 
tages have been secured in many instances; 
but very often the improvement is either not 
applicable at all or, if so, the gain is very 
slight. Evidently when the source is one pro- 
ducing a continuous pressure or delivering 
impulses of long duration it is impracticable 
to magnify the effects in this manner and 
when, on the other hand, it is one furnishing 
short impulses of extreme rapidity of succes- 
sion the advantage obtained in this way is 
insignifieant, owing to the radiation and the 
unavoidable frictional waste in the receiving- 
circuit. These losses reduce greatly both the 
intensity and the number of the codperative 
impulses, and since the initial intensity of 
each of these is necessarily limited only an 
insignificant amount of energy is thus made 
available for a single operation of the receiver. 
As this amount is consequently dependent on 
the energy conveyed to the receiver by one 
single impulse it is evidently necessary to 
employ either a very large and costly, and 
therefore objectionable, transmitter or else to 
resort to the equally objectionable use of a 
receiving device too delicate and too easily 
deranged. Furthermore, the energy obtained 
through the codperation of the impulses is in 
the form of extremely rapid vibrations and, 
because of this, unsuitable for the operation 
of ordinary receivers, the more so as this form 
of energy imposes narrow restrictions in re- 
gard to the mode and time of its application 
to such devices. 

To overcome these and other limitations 
and disadvantages which have heretofore ох- 
isted in such systems of transmission of sig- 
nals or intelligence is the main object of my 
present invention, which comprises a novel 
method of accomplishing these ends. 

The method, briefly stated, consists in pro- 
ducing arbitrarily-varied or intermittent dis- } 
turbances or effects, transmitting such dis- 
turbanees or effects through the natural me- 
dia to a distant receiving-station, utilizing 
energy derived from such disturbances or ef- 
fects ab the receiving-station to charge a con- 
denser, and using the accumulated potential 
energy so obtained to operate a receiving de- 
vice. 

An apparatus by means of which this 
method may be practiced is illustrated in 
the drawings hereto annexed, in which— 

Figure 1 isa diagrammatic illustration of 
the apparatus, and Fig. 2 is a modified form 
or arrangement of the same. 

In the practical application of my method 
I usually proceed as follows: At any two | 
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points in the transmitting medium between 
which there exists or may be obtained in any 
manner through the aetion of the disturb- 
ances or effeets to be investigated or utilized 
a difference of electrical potential of any mag- 
nitude I arrange two plates or electrodes so 
that they may be oppositely charged through 
the agency of such effects or disturbances, 
and I connect these electrodes to the termi- 
nals of a highly-insulated condenser, gener- 
ally of considerable capacity. To the еоп- 
denser-terminals I also connect the receiver 
to be.operated in series with a device of suit- 
able construction, which performs the func- 
tion of periodically discharging the condenser 
through the receiver at and during such in- 
tervals of time as may be best suitable for 
the purpose contemplated. This device may 
merely consist of two stationary electrodes 
separated by a feeble dielectriclayerof minute 
thickness or if may comprise terminals one 
or more of which are movable and actuated 
by any suitable force and are adapted to be 
brought into and out of contact with each 
other in any convenient manner. It will now 
be readily seen that if the disturbances of 
whatever nature they may be cause definite 
amounts of electricity of the same sign to be 
conveyed to each of the plates or electrodes 
above mentioned, either continuously or at 
intervals of time which are sufficiently long, 
the condenser will be charged to a certain po- 
tential, and an adequate amount of energy 
being thus stored during the time determined 
by the device effecting the discharge of the 
condenser the receiver will be periodically 
operated by the electrical energy so accumu- 
lated; but very often the character of the im- 
pulses and the conditionsof their use aresuch 
that without further provision not enough 
potentialenergy would be accumulated in tho 
condenser to operate the receiving device. 
This is the case when, for example, each of 
the plates or terminals receives electricity of 
rapidly-changing sign or even when each re- 
сеіуев electricity of the same sign, but only 
during periods which are short as compared 
with the intervals separating them. In such 
instances I resort to the use of a special de- 
vice which F insert in the circuit between 
the plates and the condenser for the purpose 
of conveying to each of the terminals of the 
latter electrical charges of the proper qual- 
ity and order of succession to enable the re- 
quired amountof potential energy to be stored 
in the condenser. 

There are a number of well-known devices, 
either without any moving parts or terminals 
or with elements reciprocated or rotated by 
the application of a suitable force, which of- 
fer a more ready passage to impulses of one 


| Sign or direction than to those of the other, 


or permit only impulses of one kind or order 
of succession to traverse a path, and any of 
these or similar devices capable of fulfilling 
the requirements may be used in carrying my 
invention into practice. One such device of 
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familiar constraction which will serve to 
convey a clear understanding of this part of 
my invention and enable a person skilled in 
the art to apply the same is illustrated in 
the annexed drawings. Itconsists of acylin- 
der A of insulating material, which is moved 
ata uniform rate of speed by clockwork or 
other suitable motive power and is provided 
with two metal rings B B', upon which bear 
brushes à and a’, which are connected, re- 
spectively, in the manner shown to the ter- 
minal plates P and P’, above referred to. 
From the rings B B’ extend narrow metallic 
segments s and s', whieh by the rotation of 
the eylinder A are brought alternately into 
contact with double brushes 5 and D', earried 
by and in contact with conducting-holders A 
and fh’, which are adjustable longitudinally 
in the metallic supports D and D’, as shown. 
The latter are connected to the terminals T 
and T of a condenser ©, and it should be un- 
derstood that they are capable of angular 
displacement, as ordinary brush-supports. 
The object of using two brushes, as b and b’, 
in each of the holders hand M is to vary аб 
will the duration of the electric contact of the 
plates P and P’ with the terminals Tand T", 
to which is connected a reeeiving-cirenit in- 
cluding a receiver R and a device d of the 
kind above referred to, which performs the 
duty of closing the receiving-eireuit at pre- 
determined intervals of time and discharging 
the stored energy through the receiver. fn 
the present case this device consists of a eyl- 
inder d, made partly of conducting and partly 
of insulating materiale and e', respectively, 
which is rotated at the desired rate of speed 
byanysuitablemeans. The conducting part 
e is in good electrical connection with the 
shaft S and is provided with tapering seg- 
ments f f, upon which slides a brush hk, sup- 
ported on a conducting-rod 1, capable of lon- 
gitudinal adjustment in a metallic support 
т. Another brush n is arranged to bear 
upon the shaft S, and it will be seen that 
whenever one of the segments f comesin con- 
tact with the brush & the circuit, including 
the receiver R, is completed and the con- 
denser discharged through the same. Byan 
adjustment of the speed of rotation of th 
cylinder d and a displacement of the brush 
k along the cylinder the circuit may be made 
to open and close in as rapid succession and 
remain open or elosed during such intervals 
of time as may be desired. The plates Pand 
P’, through which the electrifications are con- 
veyed to the brushes a and a’, may be at a 
considerable distance from each other and 
both in the ground or both in the air, or one 
in the ground and the other in the air, pref- 
erably at some height, or they may be con- 
nected to conductors extending to some dis- 
tance or to the terminals of any kind of ap- 
paratus supplying electrical energy which is 
obtained from the energy of the impulses or 
disturbances transmitted from a distanco 
through the natural media, 


T 





In illustration of the operation of the de- 
vices described let it be assumed that alter- 
nating electrical impulses from a distant gen- 
erator, as G, are transmitted through the 
earth and that it is desired to utilize those 
impulses in accordance with my method. 
This may be the case, for example, when such 
a generator is used for purposes of signaling 
in one of the ways before enumerated, as by 
having its terminals connected to two points 
of the earth distant from each other. In this 
case the plates P and P’ are first connected 
to two properly-selected points of the earth. 
The speed of rotation of the cylinder A is 
varied until it is made to turn in synehro- 
nism with the alternate impulses of the gen- 
erator,and, finally, the position of the brushes 
b and b is adjusted by angular displacement, 
as usual, or in other ways, so that they are 
iu eontaet with the segments s and s' during 
the periods when the impulses are at or near 
the maximum of their intensity. Only ordi- 
nary electrical skill and knowledge are re- 
quired to make these adjustments, and a 
number of devices for effecting synchronous 
movement being well known, and it being 
the chief object of my present application to 
set forth a novel method of utilizing or ap- 
plying a principle, a detailed description of 
such devices is not considered necessary. I 
may state, however, that for practical pur- 
poses in the present case it is only necessary 
to shift the brushes forward or back until the 
maximum effect is secured. The above re- 
quirements being fulfilled, electrical charges 
of the same sign will be conveyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con- 
denser will be charged to a higher potential. 
The speed of rotation of the cylinder d be- 
ing adjustable at will, the energy of any num- 
ber of separate impulses may thus be accu- 
mulated in potential form and discharged 
through the receiver R upon the brush £ 
coming in contact with one of the segments 
f. it will be of course understood that. the 
capacity of the condenser should be such as 
to allow the storing of a much greater amount 
of energy than is required for the ordinary 
operation of the receiver. Since by this 
method a relatively great amount of energy 
and in a suitable form may be made avail- 
able for the operation of a receiver, the latter 
need not be very sensitive; but of course 
when the impulses are very feeble, as when 
coming from a great distance or when it is 
desired to operate a receiver very rapidly, 
then any of the well-known devices capable 
of responding to very feeble influences may 
be used in this connection. 

If instead of the alternating impulses short 
impulses of the same direction are conveyed 
to the plates P and P', the apparatus de- 
seribed may still readily be used, and for this 
purpose it is merely necessary to shift the 
brushes b and b’ into the position indicated 
by the dotted lines while maintaining the 
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same conditions in regard to synchronism as 
before, so that the succeeding impulses will 
be permitted to pass into the condenser, but 
prevented from returning to the ground or 
transmitting medium during the intervals 
between them, owing to the interruption dur- 
ing such intervals of the connections leading 
from the condenser-terminals to the plates. 

Another way of using the apparatus with 
impulses of the same direction is to take off 
one pair of brushes, as b, disconnect the plate 
P from brush a and join it directly to the ter- 
minal T of the condenser, and to connect 
brush a with brush a’. Tbe apparatus thus 
modified wouid appear as shown in Fig. 2. 
Operated in this manner and assuming the 
speed of rotation of cylinder A to be the same, 
the apparatus will now be evidently adapted 
for a number of impulses per unit of time 
twice as great as in the preceding case. In 
all eases it is evidently important to adjust 
the duration of contaet of segments s and s' 
with brushes b b'in the manner indicated. 

When the method and apparatus I have de- 
scribed are used in connection with the trans- 
mission of signals or intelligence, it will of 
course be understood that the transmitter is 
operated in such a way as to produce disturb- 
ances or effects which are varied or intermit- 
ted in some arbitrary manner—for example, 
to produce longer and shorter suecessions of 
impulses corresponding to the dashes and dots 
of the Morse alphabet—and the receiving de- 
vice will respond to and indicate these varia- 
tions or intermittences, since the storage de- 
vice will be charged and discharged a number 
of times corresponding to the duration of the 
successions of impulses received. 

Obviously the special appliances used in 
carrying out my invention may be varied in 
many ways without departing from the spirit 
of the same. 

It is to be observed that it is the function 
of the cylinder A, with its brushes and con- 
nections, to render the electrical impulses 
coming from the plates P and P' suitable for 
ebarging the condenser (assuming them to be 
unsuitable for this purpose in the form in 
which they are received) by rectifying them 
when they are originally alternating in direc- 
tion or by selecting such parts of them as 
are suitable when all are not, and any other 
device performing this function will obvi- 
ously answer the purpose. It is also evident 
that a device such as I have already referred 
to which offers a more ready passage to im- 
pulses of one sign or permits only impulses of 
the same sign to pass may also be used to 
perform this selective function in many cases 
when alternating impulses are received. 
When the impulses are long and all of the 
same direction, and even when they are al- 
ternating, but sufficiently long in duration 
and sustained in electromotive force, the 
brushes b and 6’ may be adjusted so as to 


bear on the parts B B' of the cylinder A, or 


" the eylinder and its brushes may be omitted 
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and the terminals of the condenser connected 
directly to the plates P and P’. 

It will be seen that by the use of my in- 
vention results hitherto unattainable in util- 
izing disturbances or effects transmitted 
through natural media may be readily at- 
tained, since however great the distance of 
such transmission and however feeble or at- 
tenuated the impulses received enough en- 
ergy may be accumulated from them by stor- 
ing up the energy of succeeding impulses for 
& sufficient intervalof time to render the sud- 
den liberation of it highly effectivein operat- 
inga receiver. In this way receivers of a va- 
riety of forms may be made to respond effect- 
ively to impulses too feeble to be detected or 
to be made to produce any sensible effect in 
any other way of which I am aware, a result 
of great value in various applications to prac- 
tical use. 

Idonotelaim herein an apparatus by means 
of which the above-described method is or 
may be practiced either in the special form 
herein shown or in other forms which are 
possible, having made claims to such appa- 
ratus in another application, Serial No. 
729,812, filed September 8, 1899, as a division 
of the present case. 

What I claim as my invention, and desire 
to secure by Letters Patent, is— 

1. The method of transmitting and utiliz- 
ing electrical energy herein described, which 
consists in producing arbitrarily varied orin- 
termitted electrical disturbances or effects, 
transmitting the same to a distant receiving- 
station, charging, for succeeding and prede- 
termined periods of time a eondenser with 
energy derived from such effeets or disturb- 
ances, and operating a receiving device by 
discharging at arbitrary intervals, the aecu- 
mulated potential energy so obtained, as set 
forth. 

2. The method of transmitting and utiliz- 
ing electrical energy herein described, which 
consists in producing electrical disturbances 
or effects capable of being transmitted to a 
distance through the natural media, charg- 
ing a condenser at a distant receiving-station 
with energy derived from such effects or dis- 


| turbances, and using for periods of time, pre- 


determined as to succession and duration, 
the potential energy so obtained to operate a 
receiving device. 

3. The method of transmitting and utiliz- 
ing electrical energy herein described, which 
consists in producing electrical disturbances 
or effects capable of being transmitted toa 
distance through the natural media, charg- 
inga condenser at a distant receiving-station 
for succeeding and predetermined periods of 
time, with energy derived from such effects 
or disturbances, and using for periods of time 
predetermined as to succession and duration, 
the accumulated energy so obtained to oper- 
ate a receiving device. 

4. The method hereinbefore described of 
producing arbitrarily varied or intermitted 
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electrical disturbances or effects, transmit- 
ting such disturbances or effects through 
the natural media to a distant receiving-sta- 
tion, storing in a condenser energy derived 
from a succession of such disturbances or ef- 
feets for periods of time which correspond in 
succession to such effects or disturbances and 
are predetermined as to duration, and using 
the accumulated potential energy so obtained 
to operate a receiving device. 

5. The method herein described of produc- 
ingarbitrarily varied or intermitted electrical 
disturbanees or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab- 
lishing thereby a flow of electrical energy in 
a circuit at such station, charging a con- 
denser with energy from such circuit, and 
using the accumulated potential energy so 
obtained to operate a receiving device. 

6. The method herein described of produc- 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects throngh the natural 
media to a distant receiving-station, estab- 
lishing thereby a flow of electrical energy in 
a circuit at such station, charging a con- 
denser with electrical energy from such cir- 
cuit, and discharging the accumulated poten- 
tial energy so obtained into or through a re- 
ceiving device at arbitrary intervals of time. 

7. The method herein described of produc- 
ing arbitrarily varied orintermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects to a distant receiving- 
station, establishing thereby a flow of elec- 
trieal energy in a circuit at such station, se- 
lecting or directing the impulses in said cir- 
cuit so as to render them suitable for charg- 
ing a condenser, charging a condenser with 
the impulses so selected or directed, and dis- 
charging the accumulated potential energy 
so obtained into, cr through a receiving de- 


‘vice. 


8. The method herein described of produc- 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab- 


so lishing thereby a flow of electrical energy in 





= 


a circuit at such station, selecting or direct- 
ing the impulses in said circuit so as to ren- 
der them suitable for charging a condenser, 
charging a condenser with the impulses so 
selected or directed, and discharging the ac- 
cumulated potential energy so obtained into, 
or through a receiving device at arbitrary in- 
tervals of time. 

9. The method hereinbefore described of 
transmitting signals or intelligence, which 
consists in producing at the sending-station 
arbitrarily varied or intermitted disturbances 
or effects, transmitting such disturbances 
or effects through the natural media to a re- 
ceiving-station, utilizing energy derived from 
such disturbances or effects at the receiving- 
station to charge a condenser and using the 
accumulated potential energy so obtained to 
operate a receiving device. 

10. The method hereinbefore described of 
transmitting signals or intelligence through 
the natural media from a sending-station to 
a receiving-station, which consists in produc- 
ing at the sending-station, arbitrarily varied 
or intermitted electrical effects or disturb- 
ances, transmitting the same through the nat- 
ural media to the receiving-station, utilizing 
the energy derived from such disturbances or 
effects at the receiving-station to charge a 
condenser, and discharging the accumulated 
potential energy so obtained through a re- 
ceiving device at arbitrary intervals of time. 

11. The method hereinbefore described of 
transmitting signals or intelligence from a 
sending to a distant receiving station, which 
consists in producing at the former, arbitra- 
rily varied or intermitted electrical disturb- 
ances or effects, transmitting the same to the 
receiving-station, charging by the energy de- 
rived from such disturbanees or effects at the 
receiving-station a condenser, and using for 
periods of time predetermined as to succes- 
sion and duration, the potential energy so 
obtained to operate a receiving device, as set 
forth. 


NIKOLA TESLA. 


Witnesses: . 
LEONARD E. CURTIS, 
A. E. SKINNER. 
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To all whom tt may concern: 

Beitknown that J, NIKOLA TESLA, a citizen 
of the United States, residing at New York 
city, in the county and State of New York, 
have invented a new and useful Improvement 
in Methods of Utilizing Effects Transmit- 


ted from a Distance to a Receiving Device 


Through the Natural Media, of which the fol- 
lowing isa specification, reference being had 
to the accompanying drawings, which form a 
part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving de- 
vice through the natural media; and it con- 
sists in a novel method hereinafter described. 

My invention is particularly useful in con- 
nection with methods and apparatus for op- 
erating distant receiving devices by means of 
electrical disturbances produced by proper 
transmitters and conveyed to such receiving 
devices through the natural media; but it 
obviously has a wider range of applicability 
and may be employed, for example, in the in- 
vestigation or utilization of terrestrial, solar, 
or other disturbances produced by natural 
causes. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are now known and have been ap- 
plied with more or less success for accom- 
plishing a variety of useful results. One of 
these ways consists in producing by a suit- 
ableapparatus rays or radiations—that is, dis- 
turbances—which are propagated in straight 
lines through space, directing them upon a re- 
ceiving or recording apparatus ata distance, 
and thereby bringing the latter into action. 
This method is the oldest and best known 
and has been brought particularly into promi- 
nence in recent years through the investiga- 
tions of Heinrich Hertz. 
consists in passing a current through a cir- 
cuit, preferably one inclosing a very large 
area, inducing thereby in a similar eireuit 
situated at a distance another current and 
affecting by the same in any convenient way 
a receiving device. Still another way, which 


has also been known for many years, is to pass 
in any suitable manner a current through a 
portion of the ground, as by connecting totwo 


Another method: 


points of the same, preferably at à consider- 
able distance from each other, the two ter- 
minals of a generator and to energize by a 
part of the current diffused through the earth 
a distant circuit, which is similarly arranged 
and grounded at two points widely apart and 
which is made to act upon a sensitive receiver. 
These various methods have their limitations, 
one especially, which is common to all, being 
| that the receiving circuit or instrument must 
be maintained in a definite position with re- 
spect to the transmitting apparatus, which 
often imposes great disadvantages upon the 
use of the apparatus. 

In several applications filed by me and pat- 
ents granted tome I have disclosed. other 
methods of accomplishing results of this na- 
ture which may be briefly described as fol- 


or region of the earth is varied by imparting 
to it intermittent or alternating electrifica- 
tions through one of the terminals of a suit- 
able source of electrical disturbances, which 
to heighten the effect has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a highly-sensitive receiver, 
Another method is based upon the fact that 
the atmospheric air, which behaves as an ex- 
cellent insulator to currents generated by or- 
dinary apparatus, becomes a conductor un- 
der the influence of currents or impulses of 
enormously high electromotive force which I 
have devised means for generating. Bysuch 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired effects at distances however 
great. This method, furthermore, allowed 
advantage to be taken of many of those im- 
provements which are p rachicable in the ordi- 
nary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
itis desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer- 
| tain forms of high-frequeney apparatus which 





lows: In one system the potential of a point - 
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I have devised and whieh are now well known 
important practieal advantages are in this 
respect secured. TFurthermore,sincein most 
cases the amount of energy conveyed to the 


distant circuit is buta minute frg etion of the: 


total energy emanating from the source itis 
necessary for the attainment of the best ro- 
sults that whatever the character of the re- 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
Should be made available for the operation 
of the receiver, and with this objeet in view 
Ihave heretofore, among other means, em- 
ployed a receiving-circuit of high self-indue- 
tion and very small resistance and of a period 
such as to vibrate in synchronism with the 
disturbances, whereby a number of separate 
impulses from the source were made to co- 
operate, thus magnifying the effect exerted 
upon and insuring the action of the receiving 
device. By these means decided advantages 
have been secured in many instances; but 
very often the improvement is either not ар- 
plicable at all, or if so the gain is very slight. 
Evidently when the source is one producing 
a continuous pressure or delivering impulses 
of long duration itis impracticable to magnify 
the effects in this manner, and when, on the 
other hand, itis onefu rnishing short impulses 
of extreme rapidity of succession the adyan- 
tage obtained in this way is insignificant, 
owing to the radiation and the unavoidable 
frictional waste in the receiving - circuit. 
These losses reduce greatly both thein tensity 
and the number of the coöperative impulses, 
and since the initial intensity of each of these 
is necessarily limited only an insignificant 
amount of energy is thus made available for 
a single operation of the receiver. As this 
amount is consequently dependent on the en- 
ergy conveyed to the receiver by one single 
impulse, it is evidently necessary to employ 
either a very large and costly and therefore 
objectionable transmitter or else to resort to 
the equally objectionable use of a receiving 
device too delicate and too easily deranged. 
Furthermore, the energy obtained through 
the codperation of the impulses isin the form 
of extremely-rapid vibrations and because of 
this unsuitable for the operation of ordinary 
receivers, the more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and time of its application to such de- 
vices. To overcome these and other limita- 
tions and disadvantages that have heretofore 
existed in such systems of transmission of 
signals or intelligence and to render possible 
an investigation of impulses or disturbances 
propagated through the natural media from 
any kind of source and their practical utili- 
zation for any purpose to which they are ap- 
plicable, Ihave devised a novel method, which 
I have described in a pending application 
filed June 24, 1899, Serial No. 721,790, and 
which, broadly stated, consists in effecting 


during any desired time interval a storage of 
energy derived from such impulses and util- 
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izing the potential energy so obtained for ор- 
erating a receiving device. 

My present invention is intended for the 
same general purposes, and it comprises a 
modified method and apparatus by means of 
which similar results may be obtained. 

The chief feature which distinguishes my 
present from my former invention just re- 
ferred to is that the energy stored is not, as 
in the former instance, obtained from the en- 
ergy of the disturbances or effects transmit- 
ted from a distance, but from an independent 
source, . 

Expressed generally, my present, method 
consists in charging a storage device with en- 
ergy from an independent source controlling 
the charging of said device by the action of the 
effects or disturbances transmitted through 
the natural media and coincidentally using 
the stored energy for operating a receiving 
device. 

A great variety of disturbances produeed 
either by suitably-constructed transmitters 
or by natural causes are at present known to 
be propagated through the natural media, 
and there are also a variety of means or de- 
viees enabling energy to be Stored, and in 
view of this I wish to say that I consider the 
utilization of any such disturbances and the 
employment of any of these means as within 
the scope of my present invention so long as 
the use of the general method hereinbefore 
stated is involved. 

The best way of carrying out my invention 
which I at present know is to store electrical 
energy obtained from a suitable electrical 
generator in a condenser and to control the 
storage or the application of this energy by 
means of a sensitive device acted upon by 
the effects or disturbances, and thereby cause 
the operation of the receiver. 

In the practical application of this method 
I usually proceed as follows: At any point 
where I desire to investigate or to utilize for 
any purpose effects or disturbanees propa- 
gated through the natural media from any 
kind of source I provide asuitable generator 
of electricity—as, for example, a battery and 
a condenser—which І connect to the poles of 
the generator in series with a sensitive de- 
vice capable of being modified in its electrical 
resistance or other property by the action of 
the disturbances emitted from the souree. 
To the terminals of the condenser I connect 
the receiver which is to be operated in series 
with another device of suitable construction 
which performs the function of periodically 
discharging the condenser through the re- 
ceiver at and during such intervals of time 
as may be best suitable for the purpose con- 
templated. This latter device may merely 
consist of two stationary electrodes separated 
by a feeble dielectric layer of minute thick- 
ness, but sufficient to greatly reduce or prac- 
tically interrupt the current in the cireuit 
under normal conditions, or it may comprise 
terminals one or more of which are moyable 
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and actuated by any suitable force and are | 


adapted to be brought into and out of con- 


tact with each other in any convenient man- | 


ner.. The sensitive device may be any of the 
many devices of this kind which are known 
to be affected by the disturbances, impulses, 
or effects propagated through the media, and 
it may be of such a character that normally— 
that is, when not acted upon—it entirely pre- 
vents the passage of electricity from the gen- 
erator to the condenser, or it may be such 
that it allows a gradual leaking through of 
the current and a charging of the condenser 
at a slow rate. In any case it will be seen 
that if the disturbances, of whatever nature 
they may be, cause an appreciable diminu- 
tion in the electrical resistance of the sensi- 
tive device the current from the battery will 
pass more readily into the condenser, which 
will be charged at amore rapid rate, and 
consequently each of its discharges through 
the receiver, periodically effected by the spe- 
cial device before referred to which performs 
this function, will be stronger than nor- 
mally—that is, when the sensitive device is 
not acted upon by the disturbances. Evi- 
dently, then, if the. receiver be so.adjusted 
that it does not respond to the comparatively 
feeble normal discharges of the condenser, if 
they should occur, but only to those stronger 
ones which take place upon the diminution 
of the resistance of the sensitive device, it 
will be operated only when this device is act- 
ed upon by the disturbances, thus making it 
possible to investigate and to utilize the lat- 
ter for any desired purpose. ` 

The general principle underlying my in- 
vention and the operation of the various 
devices used will be clearly understood by 
reference to the accompanying drawings, in 
which— 

Figure lis a diagram illustrating a typical 
arrangement of apparatus which may be used 
in carrying my method into practice, and 
Figs, 2, 3,4, and 5 similar diagrams of modi- 
fied arrangements of apparatus for the same 
purpose. 

In Fig. 1, Cis a condenser, to the terminals 
T and T’ of which is connected a charging- 
circuit including a battery B, a sensitive de- 
vice a, and a resistance r, all connected in 
series, as illustrated. The battery should be 
preferably of very constant electromotive 
force and of an intensity carefully determined 
to secure the best results. The resistance т, 
which may be a frictional or an inductive 
one, is not absolutely necessary; but it is of 
advantage to use it in order to facilitate ad- 
justment, and for this purpose it may be made 
variable in any convenient and preferably 
continuous manner. Assuming thatthe dis- 
turbances which are to be investigated or util- 
ized for some practical end are rays identical 
with or resembling those of ordinary light, 
the sensitive device a may be a selenium cell 
properly prepared, so as to be highly suscep- 
tible to the influence of the rays, the action 
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of which should be intensified by the use of 
a reflector A, shown in the drawings. It is 
well known that when cells of this kind are 
exposed to such rays of greatly-varying in- 
tensity they undergo corresponding modifica- 
tions of their electrical resistance; butin the 
ways they have been heretofore used they 
have been of very limited utility. In addi- 
tion to the circuit including the sensitive de- 
vice or cell a another circuit is provided, 
which is likewise connected to the terminals 
T T' of the condenser. This circuit, which 
may be called the *'receiving-eireuit," in- 
cludes the receiver Randin series withit ade- 
vice d, before referred to, which performs the 
duty of periodically discharging the con- 
denser through the receiver. It will be noted 
that, as shown in Fig. 1, the receiving-circuit 
is in permanent connection with the battery 
and condenser terminal T, and it should be 
stated that it is sometimes desirable to en- 
tirely insulate the receiving-cireuit at all 
times except the moments when the device 
d operates to discharge the condenser, thus 
preventing any disturbing influence which 
might otherwise be caused in this circuit by 
the battery or the condenser during the pe- 
riod when the receiver should not be acted 
upon. In such a case two devices, as d, may 
be used—one in each connection from the 
condenser to the receiving-cirecuit—or else one 
single device of this kind, but of a suitably- 
modified construction, so that it will make 
and break simultaneously and at proper in- 
tervals of time both of the connections of 
this circuit with the condenser T and Т”. 
From the foregoing the operation of the ap- 
paratus as illustrated in Fig. 1 will be at 
once understood. Normally—that is, when 
it is not influenced by the rays ai all or very 
slightly—-the cell a being of a comparatively 
high resistance permits only a relatively fee- 
ble current to pass from the battery into the 
condenser, and hence the latter is charged at 
too slow a rate to accumulate during the time 
interval between two succeeding operations 
of the device d sufficient energy to operate 
the receiver or, generally speaking, to pro- 
duce therequired change in the receiving-cir- 
cuit, This condition is readily secured by a 
proper selection and adjustment of the vari- 
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis- 
charges of the condenser which may take 
place when the cell a is acted upon but slightly 
or not at all by the rays or disturbances; but 
if now new rays are permitted to fall upon 
the cell or if the intensity of those already 
acting upon it be iucreased by any cause then 
its resistance will be diminished and the соп- 
denser will be charged by the battery at a 
more rapid rate, enabling sufficient potential 
energy to be stored in the condenser during 
the period of inaction of the device d to op- 
erate the receiver or to bring about any de- 
sired change in the receiving-eireuit when the 
device d acts. If the rays acting upon the 
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cell or sensitive device & are varied or inter- | i6 greatly adds to the effieacy of this method. 


mitted in any arbitrary manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 
long signals, the apparatus may readily be 
made to record or to enable an operator to 
read the message, since the receiver, sup- 
posing it to be an ordinary magnetic relay, 
for example, will be operated by each signal 
from the sending-station a certain number of 
times having some relation to the duration 
of each signal. It will be readily seen, how- 
ever, that if the rays are varied in any other 
way, a8 by impressing upon them changes 
in intensity, the succeeding condenser dis- 
charges will undergo corresponding changes 
in intensity, which may be indicated or re- 
corded by a suitable receiver and distin- 
guished irrespectively of duration. 

With reference to Fig. 1, it may be useful 
to state that the electrical connections of the 
various devices illustrated may be made in 
many different ways. Forinstance, the sen- 
sitive device instead. of being in series, ая 
shown, may be in a shunt to the condenser, 
this modifieation being illustrated in Fig. 3, 
in whieh the devices already deseribed are 
indieated by similarletters to correspond with 
those of Fig. 1l. In ihis ease it will be ob- 
served that the condenser whieh is being 
charged from the battery B through the resist- 
ance r, preferably inductive and properly re- 
lated to the capacity of the condenser, will 
store less energy when the sensitive device a 
is energized by the rays and its resistance 
thereby diminished. The adjustment of the 
various instruments may then be such that 
the receiver will be operated only when the 
rays are diminished in intensity or interrupt- 
ed and entirely prevented from falling upon 
the sensitive cell, or the sensitive device may 
be placed, as shown in Fig. 4, in a shunt to 
the resistance r or inserted in any suitable 
way in the circuit containing the receiver-— 
for example, as illustrated in Fig. 5—in both 
of which figures the various devices are let- 
tered to correspond with those in Fig. 1, so that 


` the figures become self-explanatory. Again, 
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the several instruments may be connected іп 
the mauner of a Wheatstone bridge, as will be 
hereinafter explained with reference to Fig. 2, 
orotherwiseconneeted orrelated; but in each 
ease the sensitive device will have the same 
duty to perform—that is, to control the en- 
ergy stored and utilized in some suitable way 
for causing the operation of the receiver in 
correspondence with the intermittences or 
variations of the effects or disturbances, and 
in each instance by a judicious selection of 
the devices and careful adjustment the ad- 
vantages of my method may be more or less 
completely secured. I find it preferable, how- 
ever, to follow the plan which I have illus- 
trated and described. 

It will be observed that the condenser is an 
important element in the combination. Ihave 





1t allows the energy accumulated in it to be 
discharged instantaneously, and therefore in 
a highly-effective manner. It magnifies ina 
large degree the current supplied from the 
battery,and owing to these features it permits 
energy to be stored and diseharged at prae- 
tically any rate desired, and thereby makes 
it possible to obtain in the receiving-eireuit 
very great changes of the current strength by 
impressing upon ihe battery -current very 
small variations. Other means of storage 
possessing these characteristics to a useful 
degree may be employed without departing 
from the broad spirit of my invention; but I 
prefer to use a condenser, since in these re- 
spects it excels any other storage device of 
which I have knowledge. 

In Fig. 2 a modified arrangement of ap- 
paratus is illustrated which is particularly 
adapted for the investigation and utilization 
of very feeble impulses or disturbances, such 
as may be used in conveying signals or pro- 
ducing other desired effects at very great dis- 
tances. In this case the energy stored in the 
condenser is passed through the primary of a 
transformer the secondary circuit of which 
contains the receiver, and in order to render 
the apparatus still more suitable for use in 
detecting feeble impulses ia addition to the 
sensitive device which is acted upon by the 
impulses another such device is included in 
thesecondary circuit of the transformer. The 
scheme of connections is in the main that of 
a Wheatstone bridge the four branches of 
which are formed by the sensitive device a 
and resistances L, L’, and L”, all of which 
should be-preferably inductive and also ad- 
justable in a continuous manner or at least 
by very small steps. The condenser C’, which 
is generally made of considerable capacity, 
is connected to two opposite points of the 
bridge, while a battery B, in series with a 
continuously-adjustable non-inductive resist- 
ance 7, is connected to the other pair of op- 
posite points, as usual. The four resistances 
included in the branches of the bridge— 
namely, a, L, L’, and L'—are of à suitable 
size and so proportioned that under normal 
conditions—that is, when the device a is not 
influenced at all or only slightly by the dis- 
tarbanees—there will be no difference of po- 
tential orin any case the minimum of the same 
at the terminals T and T’ of the condenser. 
It is assumed in the present instance that the 
disturbances to be investigated or utilized are 
such as will producea difference of electric po- 
tential, however small, between two points or 
regions in the natural media—as the earth, 
the water, or the air—and in order to apply 
this potential difference effectively to the sen- 
sitive device æ the terminals of the same are 
connected to two plates Pand P',which should 
be of as large a surface as practicable aud so 
located in the media that the largest possible 
difference of potential will be prodneed by 


shown that by reason of its unique properties | the disturbances between the terminals of 
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the sensitive device. This device is in the 
present case one of familiar construction, 
consisting of an insulating-tube, which is in- 
dicated by the heavy lines in the drawings and 
which has its ends closed tightly by two con- 
ducting-plugs with reduced extensions, upon 
which bear two brushes b b, through which 
the currents are conveyed to the devico. The 
tubular space between the plugs is partially 
filled with a conducting sensitive powder, as 
indicated, the proper amount of the same 
and the size of its grains being determined 
and adjusted beforehand by experiment. 
This tube I rotate by clockwork or other 
means at a uniform and suitable rate of 
speed, and under these conditionsI find that 
this device behaves toward disturbances of 
the kind before assumed in a manner simi- 
lar to that of astationary cell of celenium to- 
ward rays of light. Its electrical resistance 
is diminished when itis acted upon by the 
disturbances and is automatically restored 
upon the cessation of their influence. It is 
of advantage to employ round graius of pow- 
der in the tube, and in any event itis im- 
portant that they should be of as uniform 
size and shape as possible and that provision 
should be made for maintaining an unchang- 
ing and very dry atmosphereinthetube. To 
the terminals T' and T" of the condenser C' is 
connected a coil p, usually consisting of a 
few turns of a conductor of very small resist- 
ance, which is the primary of the transformer 
before referred to, in series with a device d, 
which effects the discharge of the condenser 
through the coil p at predetermined inter- 
vals of time. In the present case this device 


consists of a cylinder made partly of eon- 


ducting and partly of insulating material е 
and e’, respectively, which is rotated at the 
desired rate of speed by any suitable means. 
The conducting parte isin good electrical 
connection with shaft 8 апа is provided with 
tapering segments, as f, upon which slides a 
brush k, which should preferably be-capable 
of longitudinal adjustment along the cylin- 
der. Another brush 0’, whieh is connected 
to the condenser-terminal T’, being arranged 
to bear upon the shaft S, it will be seen that 
whenever the brush & comes in contact with 
a condueting-segment f the cirenit including 
the primary p will be completed and the con- 
denser, if energized, discharged through the 
same. By an adjustment of the speed of ro- 
tation of the cylinder and a displacement of 
the brush & along the axis of the same the cir- 
cuit may be made to open and close in as rapid 
succession and remain open or closed during 
such intervals of time as may be desired. 
In inductive relation to the primary p is a 
secondary coil s, usually of much thinner wire 
and of many more turns than the former, to 
which are connected in a series a receiver R, 
(illustrated as an ordinary magnetic relay,) 
a continuously-adjustable non-inductive re- 
sistance 7”, a battery B’ of a properly deter- 
mined and very constant electromotive force, 





and finally a sensitive device a’ of the same 
or similar construction as a, which is likewise 
rotated at a uniform speed and which with its 
brushes 07 bL” closes the secondary circuit. 
The electromotive force of the battery B’ is 
so graduated by means of the adjustable re- 
sistance 7’ that the dielectric layers in the 
sensitive device a’ are strained very nearly 
to the point of breaking down and give way 
upon a slight increase of the electrical pres- 
sure on the terminals of the device. It will 
of course be understood that the resistance 
ris used mainly because of convenience and 
that it may be dispensed with, in which case 
theadjustment may be effected in many other 
ways, as by determining the proper amount 
or coarseness of the sensitive powder or by 
varying the distance apart of the metallic 
plugsin the ends of the tube. The same шау 
be said of the resistance 7’, which is in series 
with the battery B and serves to graduate the 
force of the latter, so that the dielectric lay- 
ers of the sensitive device a are subjected to 
a similar strain and maintained in a state of 
delicate poise. The various instruments be- 
ing connected and adjusted in the manner de- 
seribed, it will now be readily seen from the 
foregoing that under normal conditions, the 
device a being unaffected by the disturb- 
ances, or practically so, and there being no 
or only a very insignificant amount of energy 
stored in the condenser, the periodical closure 
of the primary circuit of the transformer 
through the operation of the device d will 
have no appreciable effect upon the primary 
coil p, and hence no currents will be gener- 
ated in the secondary coil s, at least not such 
as would disturb the state of delicate balance 
existing in the secondary circuit including 
the receiver, and therefore the latter will not 
be actuated by the battery B’; but when, 
owing to the disturbances or impulses. propa- 
gated through the media from a distant 
source,an additional electromotive force, how- 
ever small, is created between the terminals 
of the device a the dielectric layers in the 
same, unable to support the increased strain, 
give way and allow the current of the battery 
B to pass through, thus causing a difference 
of potential at the terminals T and T’ of the 
condenser. A sufficient amount of energy 
being now stored in this instrament during 
the time interval between each two succeed- 


ing operations of the device d, each closure : 


of the primary circuit by the latter results in 
the passage of a sudden current impulse 
through the coil p, which induces a corre- 
sponding current of relatively high electromo- 
tive force in the secondary coil s. Owing to 
this the dielectric in the device a’ gives way, 
and the currentof the battery B’ being allowed 
to pass the receiver R is operated, but only 
for a moment, since by the rotation of the de- 
vices a, a’, and d, whieh may be all driven 
from the same shaft, the original eonditions 
are restored, assuming, of course, that the 
electromotive force set up by the disturbances 
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at tbe terminals of the sensitive device с is 
only momentary or of a duration not longer 
than the time of closure of the primary eir- 
euit; otherwise the receiver will be aetuated 
& number of times and so long as the infla- 
ence of the disturbances upon the device a 
continues. In order to render the discharged 
energy cf the condenser more effective in 
causing the operation of the receiver, the re- 
sistance of the primary cireuit should be very 
small and the secondary coil s should havea 
number of turns many times greater than that 
of the primary ceoil p. It will be noted that 
since the condenser under the above assump- 
tions is always charged in the same direction 
the strongest current impulse in the second- 
ary coil, which is induced at the moment 
when the brush & comes in contact with seg- 
ment f, is also of unchanging direction, and 
for the attainment of the best results it is 
necessary to connect the secondary coil so 
that the electromotive force of this impulse 
will be added to that of the battery and will 
momentarily strengthen thesame. Ilowever, 
under certain conditions, which are well un- 
derstood by those skilled in the art, the de- 
vices will operate whichever way the seeond- 
ary be connected. It is preferable to make 
the inductive resistances L and L' relatively 
large, as they are in a shunt to the device a 
and might if made too small impair its sen- 
sitiveness. On theother hand, the resistance 
L” should not be too large and should be re- 
lated to the capacity of the condenser and 
the number of makes and breaks effected by 
the device d in well-known ways. Similar 
considerations apply, of course, to the circuits 
including the primary pand secondary s, re- 
spectively. 

By carefully observing well-known rules of 
scientifie design and adjustment of the in- 
struments the apparatus may be made ex- 
tremely sensitive and capable of responding 
to the feeblest influences, thus making it pos- 
sible to utilize impulses or disturbances trans- 
mitted from very great distances and too fee- 
ble to be detected or utilized in any of the 
ways heretofore known, and on this account 
the method here described lends itself to 


many scientific and practical uses of great 
value. Obviously the character of the de- 


vices and the manner in which they are con- 
nected or related may be greatly varied with- 
out departing from the spirit of my invention. 

What I claim as new, and desire to secure 
by Letters Patent, is— | 

1. The method hereinbefore deseribed of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
charging a storage device with energy from 
an independent source, controlling the charg- 
ing of said device by the action of the effects 
or disturbances, and coincidently using the 
stored energy for operating a receiving de- 
vice. 

2. The method hereinbefore described of 
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from a distantsource, which consistsin charg- 
ing the storage device with electrical energy 
from an independent source, controlling the 
charging of said device by the action of the ef- 
fects or disturbances, and coincidently using 
the stored electrical energy for operating the 
receiving device. 

3. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
controlling, by means of such effects or dis- 
turbanees, the charging of an electrical stor- 
age device from an independent source and 
discharging the stored energy through a re- 
ceiving-cireuit. 

4, The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
controlling, by means of such effects or dis- 
turbauces, the charging of an electrical con- 
denser from an independent source, and dis- 
charging tho stored energy through a receiv- 
ing-cireuit. 

5. The methed hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting a storage during any desired time 
interval and under control of such effects or 
disturbances, of energy derived from an in- 
dependent source, and utilizing the potential 
energy so obtained for operating a receiving 
device. 

6. The method hereinbefore deseribed of 
utilizing effects cr disturbances transmitted 
through the natural media, which consists in 
effecting a storage, during any desired time 
interval and under the control of such dis- 
turbances or effects of electrical energy de- 
rived from an independent souree, and util- 
izing the potential energy so obtained for 
operating a receiving device. 

7. The method hereinbefore deseribed of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
elfecting a storage in a condenser during any 
desired time interval and under the control 
of such disturbances or effects, of electrical 
energy derived from an independent source, 
and utilizing the potential energy so obtained 
for operating a receiving device. 

8. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing, during suc- 
ceeding intervals of time determined by 
means of such effects or disturbances, elec- 
trical energy derived from an independent 
source, and utilizing the potential energy so 
accumulated to operate a receiving device. 

9. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing in a con- 
denser during succeeding intervals of time 
determined by means of such effects or dis- 
turbanees, electrical energy derived from an 


utilizing effects or disturbances transmitted | independent source, and utilizing the poten- 
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tial energy so accumulated to operate a re- 
ceiving device. 

10. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing, during suc- 
ceeding intervals of timedetermined by means 
of such effects or disturbances, electrical en- 
ergy derived from an independent source, 
and using, for periods of time predetermined 
as to succession and duration, the accumu- 
lated energy so obtained to operate a receiv- 
ing device. 

11. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing in a con- 
denser during succeeding intervals of time 
determined by means of such effects or dis- 
turbances, electrical energy derived from an 
independent source, and using, for periods of 
time predetermined as to succession and du- 


_ ration, the accumulated energy so obtained to 
operate a receiving device. 
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12. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted through the natural media from 
a distant source, which consists in effecting 
by means of such disturbances or effects a 
storage in a storage device of electrical en- 
ergy derived from an independent source for 
periods of time corresponding in succession 
and duration to such disturbances or effecis, 
and discharging the electrical energy so ac- 
cumulated into or through a receiving device 
at predetermined intervals of time. 

13. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted from a distant source, which con- 
sists in effecting by means of such disturb- 
ances or effects a storage in a condenser of 
electrical energy derived from an independ- 
ent source for periods of time corresponding 
in succession and duration to such disturb- 
ances or effects, and discharging the elec- 
trical energy so accumulated into or through 
a receiving device at predetermined intervals 
of time: 

. 14. The method hereinbefore deseribed of 
utilizing electrical effects or disturbances 
transmitted from a distant source, which con- 
sists in producing, by means of such effects 
or disturbances, variations of resistance in a 
circuit including an independent electrical 
source and a device adapted to be charged 
with electrical energy therefrom, thereby 
causing the storage device to be charged with 
energy from such independent source, and 
using the potential electrical energy so accu- 
mulated to operate a receiving device. 

15. The method hereinbefore described of 
utilizing effects or disturbances transmitted 





through the natural media from a distant 
source, which consists in producing, by means 
of such effects or disturbances, variations of 
resistance ina circuit including an independ- 


| ent electrical source and a condenser, thereby 
causing the condenser to be charged with en- 


ergy from the independent source, and using 
the potential electrical energy soaccumulated 
to operate a receiving device. 

16. The method hereinbefore described of 


| utilizing effects or disturbances transmitted 


through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances; electrical en- 
ergy from an independent source to be stored 
in astorage device, using the electrical en- 
ergy so accumulated to operate a transformer 
and employing the secondary currents from 
such transformer to operate a receiving de- 
vice. 

17. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances, electrical en- 
ergy from an independent source to be stored 
in a condenser, using the electrical energy so 
accumulated to operate a transformer and 
employing the secondary currents from such 
transformer to operate a receiving device. 

18. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such disturbances, variations of resistance 
in a cireuit including an independent source 
of electricity anda storage device and thereby 
causing the storage device to be charged from 
such independentsource, discharging the en- 
ergy so accumulated in the storage device 
through the primary of a transformer at pre- 
determined intervals of time, and operating 
a receiver by the currents so developed in 
the secondary of the transformer. 

19. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such disturbances, variations of resistance 
in a circuit including an independent source 
of electricity and a condenser and thereby 
causing the condenser to be charged from 
such independent source, discharging the en- 
ergy soaccumulated in the condenser through 
the primary of a transformer at predeter- 
mined intervals of time and operating a re- 
ceiver by the currents so developed in the 
secondary of the transformer. 

NIKOLA TESLA. 

Witnesses: 

F. LÖWENSTEIN, 
E. A. SUNDERLIN, 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, acitizen 
of the United States, residing at the borough 
of Manhattan, in the city, county, aud State 
of New York, have invented certain new and 
useful Improvements in Apparatus for Util- 
izing Effects Transmitted from a Distance to 
a Receiving Device Through the Natural Me- 
dia, of which the following is a specification, 
reference being had to the accompanying 
drawings, which form a part of the same. 

This application is a division of an appli- 
eation filed by me June 21, 1899, Serial No. 
721,790, in which a method of utilizing effects 
or disturbances transmitted through the nat- 
ural mediafrom adistant source is described 
and made the subject of the claims. Thein- 
vention of my present application consists in 
the apparatus hereinafter described and 
claimed, by the use of which the method 
claimed in my said prior application may be 
practiced and by means of which results hith- 
erto unattainable may be secured. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are how known and have been ap- 
plied with more or less success for accom- 
plishing a variety of useful results. One of 
these ways consists in producing by a suit- 
able apparatus rays or radiations—that is, dis- 
turbances—which are propagated in straight 
lines through space, directing them upon a 
receiving or recording apparatus ata distance, 
and thereby bringing the latter into action, 
This method is the oldest and best known, 
and has been brought particularly into promi- 
nenee in recent years through the investiga- 
tions of Heinrich Hertz. Another method 
consists in passing a current through a cir- 
cuit, preferably one inclosing a very large 
area, inducing thereby in a similar circuit, 
situated at a distance, another current and 
affecting by the same in any convenient way 
a receiving device. Still another way, which 
has also been known for many years,is to pass 
in any suitable manner a current throagh a 
portion of the ground, as by connecting to 
two points of the same, preferably at a con- 


Me 


terminals of a generator and to energize bya 
part of the current diffused through the earth 
a distant circuit, which is similarly arranged 
and grounded at two points widely apart and 
which is made to act upon a sensitive re- 
ceiver. These various methods have their 
limitations, one, especially, whichis common 


55 


to all, being that the receiving circuit or in- . 


strumeut must be maintained in a definite po- 
sition with respect to the transmitting appa- 
ratus, which often imposes great disadvan- 
tages upon the use of the apparatus. 

In several applications filed by me and pat- 
ents granted to me I have disclosed other 
methods of accomplishing results of this na- 
ture, which may be briefly described as fol- 
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lows: In one system the potential of a point . 


or region of the earth is varied by imparting 
to it intermittent or alternating electrifica- 
tions through one of the terminals of a suit- 
able source of electrical disturbances, which 
‘to heighten the effect has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant cireuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting souree, 
and operates upon a highly-sensitive receiver. 
Another method is based upon the faet that 
the atmospheric air, which behaves as an ex- 
cellent insulator to currents generated by or- 
dinary apparatus, becomes a conductor un- 
der the influence of currents of impulses of 
enormously high electromotive force which I 
have devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the produetion of 
many desired effects at distances, however 
great. This method, furthermore, allows ad- 
vantage to be taken of many of those improve- 
ments which are practicable in the ordinary 
systems of transmission involving the use of 
a metallic conductor. 

Obviously whatever method be employed 
itis desirable that the disturbances produced 
by the transmitting apparatus should. be as 
powerful as possible, and by the use of cer- 





siderable distance from each other, the two | tain forms of high-frequency apparatus which 
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J have devised and which are now well known | circuit connected with the.storage device, a 


important practical advantages are in this 
respect secured. Furthermore, since in most 
cases the amount of energy conveyed to the 
distant circuit is but a minute fraction of the 
total energy emanating from the source, it is 
necessary for the attainment of the best re- 
sults that whatever the character of the re- 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation of 
the receiver, and with this object in view I 
have heretofore, among other means, em- 
ployed a receiving-circuit of high self-induc- 
tion and very small resistance and of a pe- 
riod such as to vibrate in synchronism with 
the disturbances, whereby a number of sepa- 
rate impulses from the source were made to 
coéperate, thus magnifying the effect exerted 
upon and insuring the action of the receiving 
device. By these means decided advantages 
have been secured in many instances; but 
very often the improvement is either not ap- 
plicable at all or if so the gain is very slight. 
Evidently when the source is one producing 
a continuous pressure or delivering impulses 
of long duration it is impracticable to mag- 
nify the effects in this manner, and when, 
on the other hand, it is one furnishing short 
impulses of extreme rapidity of succession 
the advantage obtained in this way is insig- 
nificant, owing to the radiation and the un- 
avoidable frictional waste in the receiving- 
circuit. These losses reduce greatly both the 
intensity and the number of the coóperative 
impulses, and since the initial intensity of 
each of these is necessarily limited only an 
insignificant amount of energy is thus made 
available for a single operation of the re- 
ceiver. As this amount is consequently de- 
pendent on the energy conveyed to the re- 
ceiver by one single impulse, it is evidently 
necessary to employ either a very large and 
costly, and therefore objectionable trans- 
mitter, or else resort to the equally objection- 
able use of a receiving device too delicate 
and too easily deranged. Furthermore, the 
energy obtained through the coöperation of 
the impulses isin the form of extremely-rapid 
vibrations and because of this unsuitable 
for the operation of ordinary receivers, the 
more so as this form of energy imposes nar- 
row restrictions in regard to the mode and 
time of its application to such devices. To 
overcome these and other limitations and dis- 
advantages which have heretofore existed in 
such systems of transmission of signals or in- 
telligence is the object of my invention, which 
comprises a novel form of apparatus for ac- 
complishing these results. 

The apparatus which is employed at the re- 
ceiving-station, described in general terms, 
consists in the combination of a storage de- 
vice included ina circuit connecting points at 
adistancefrom the source of the disturbances 
and between which a difference of potential 
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receiver included in such receiving-cireuib, 
and means for closing the receiving-circuit 
at any desired moment, and thereby causing 
the receiver to be operated by the energy with 
which the storage device has been charged. 

The best form of apparatus for carrying 
out my invention of which I am now aware 
and the manner of using the same will be un- 
derstood from the following description and 
the accompanying drawings, in which— 

Figure 1 is a diagrammatic illustration of 
such apparatus, and Fig. 2a modified form 
or arrangement of the same. 

At any two points in the transmitting me- 
dium between which there exists or may be 
obtained in any manner through the action 
of the disturbances or effects to be investi- 
gated or utilized a difference of electrical po- 
tential of any magnitude Iarrange two plates 
or electrodes so that they may be oppositely 
charged through the agency of such effects 
or distarbances, and I connect these elec- 


i trođes to the terminals of a highly-insulated 


condenser, generally of considerable capacity. 
То the condenser-terminals I also connect the 
receiver to be operated in series with a de- 
vice of suitable construction which performs 
the function of periodically discharging the 
condenser through the receiver at and during 
such intervals of time as may be best suitable 
for the purpose contemplated. This device 
may merely consist of two stationary elec- 
trodes separated by a feeble dielectric layer 
of minute thickness, or it may comprise ter- 
mirials one or more of which are movable and 
actuated by any suitable force and are adapt- 
ed to be brought into and out of contact with 
each otherin any convenient manner. It will 
now be readily seen thatif the disturbances, of 
whatever nature they may be, cause definite 


| amounts of electricity of the same sign to he 


conveyed to each of the plates or electrodes 
above mentioned either continuously or at 
intervals of time which are sufficiently long 
the condenser will be charged to a certain po- 
tential and an adequate amount of energy 
being thus stored during the time determined 
by the device effecting the discharge of the 
condenser the receiver will be periodically 
operated by the-electrical energy so aceumu- 
lated; but very often the character of the 
impulses and the conditions of their use are 
such that without further provision not 
enough potential energy would be accumu- 
lated in the condenser to operate the receiv- 
ing device. This is the case when, for ex- 
ample, each of the plates or terminals re- 
ceives electricity of rapidly-changing sign or 
even when each receives electricity of the 
same sign, but only during periods which are 
short aS compared with the intervals sepa- 
rating them. In such instances I resort to 
the use of a special device which I insert in 
the circuit between the plates and the con- 


| denser for the purpose of conveying to each 


is created by such disturbances, a receiving- | of theterminals of the latter electrical charges 
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of the proper quality aud order of succes- 
sion to enable the required amount of poten- 
tial energy to be stored in the condenser. 
There are a number of well-known devices, 
either without any moving parts or terminals 
or with elements reciprocated or rotated by 
the application of a suitable force, which offer 
a more ready passage to impulses of one sign 
or direction than to those of the other or per- 
mit only impulses of one kind or order of suc- 
cession to traverse a path, and any of these 
or similar devices capable of fulfilling the re- 
quirements may be used in carrying my in- 
vention into practice. One such device of 
familiar construction which will serve to con- 
vey a clear understanding of this part of my 
invention and enable a person skilled in the 
art to apply the same is illustrated in the 
annexed drawings. It consists of a cylinder 
A, of insulating material, which is moved. at 
a uniform rate of speed by clockwork or other 
suitable motive power and is provided with 
two metal rings B B’, upon which bear brushes 
@ апа a’, which are connected, respectively, 
in the manner shown to the terminal plates 
P and P’, above referred to. From the rings 
B B' extend narrow metallic segments s and 
s', which by the rotation of the cylinder A 
are broughtalternately into contact with dou- 
ble brushes b and 0’, carried by and in con- 
tact with conducting-holders A and h’, which 
are adjustable longitudinally in the metallic 
supports Dand D’,asshown. The latter are 
connected to the terminals T and T’ of a con- 
denser C, and it should. be understood that 
they are capable of angular displacement as 
ordinary brush-supports. The object of using 
two brushes, as 0 and 0’, in each of the holders 
h and W is to vary at will the duration of the 
electric contact of the plates P and P' with the 
terminals T and T’, to which is connected 
a receiving-circuil, including a receiver R 
and a device d of the kind above referred to, 
which performs. the duty of closing the re- 
ceiving-circuit at predetermined intervals of 
time. and discharging the stored energy 
through the receiver. In the present case 
this device consists of a cylinder made partly 
of conducting and partly of insulating mate- 
rial e and e’, respectively, which is rotated 
at the desired rate of speed by any suitable 
means. The conducting part e is in good 
electrical connection with the shaft S and is 
provided with tapering segments f f, upon 
which slides a brush 5, supported on a con- 
ducting-rod }, capableof longitađinal adjust- 
ment in a metallic support m. Another 
brush n is arranged to bear upon the shaft S, 
апа it will. be seen that whenever one of the 
segments f comes in contact with the brush 
k the circuit including the receiver R is com- 
pleted and the condenser discharged through 
the same. By an adjustment of the speed 


of rotation of the cylinder d and a displace- 
ment of the brush £ along the cylinder the 
circuit may be made to open and close in as 
rapid succession and remain open or closed 








during such intervals of. time as may be de- 
sired. The plates P and P’ through which the 
electrifications are conveyed to the brushes 
а алда a’ may be at a considerable distance 
from each other and both in the ground or 
both in the air or one in the ground and the 
other in the air, preferably at some height, 
or they may be connected to conductors ex- 
tending to some distance or to the terminals 
of any kind of apparatus supplying electrical 
energy which is obtained from the energy of 
the impulses or disturbances transmitted 
from a distance through the natural media. 
In illustration of the operation of the de- 
vices described let it be assumed that alter- 
nating electrical impulses from a distant gen- 
erator, as G, are transmitted through the 
earth and that it is desired to utilize these 
impulses in accordance with my method. 
This may be the case, for example, when 
such a generator is used for purposes of sig- 
naling in one of the ways before enumerated, 
as by having its terminals connected at two 
points of the earth distant from each other. 
In this case the plates P and P’ are first con- 
nected to two properly-selected points of 
the earth, the speed of rotation of the cyl- 
inder A is varied until it is made to turn in 
synchronism with the alternate impulses of 
the generator, and, finally, the position of the 
brushes b and b’ is adjusted by angular dis- 
placement, as usual, or in other ways, so that 
they are in contact with the segments s and s' 
during the periods when the impulses are 
at or near the maximum of their intensity. 
Only ordinary electrical skill and knowl- 
edge are required to make these adjustments, 
and a number of deviees for effecting syn- 
chronous movement being well known and it 
being the chief object of my present applica- 
tion to set forth a novel apparatus embodying 
a general principle a detailed description of 
such devices. is not considered necessary... I 
may state, however, that for. practical pur- 
poses in the present case it is only necessary 
to shift the brushes back and forth until the 
maximum effect is secured. The above re- 
quirements being fulfilled, electrical charges 
of the same sign will be conveyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con- 
denser will be charged to a higher potential. 
The speed of rotation of the cylinder d being 
adjustable at will, the energy of any number 
of separate impulses may thus be accumu- 
lated in potential form and discharged through 
the receiver R upon the brush & coming in 
contact with one of the segments. f. It will 
be of course understood that the capacity. of 
the condenser should be such as to allow the 


| storing of a much greater amount of energy 


than is required for the ordinary operation 
of the receiver. Since by this method a rela- 
tively. great amount of energy and in a suit- 
able form may be made available for the op- 
eration of a receiver, the latter need not be 
very sensitive; but of course when the im- 
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pulsés are very feeble, as. when coming froma 
great distance or when it is desired to operate 
a receiver very rapidly, then any of the well- 
known devices capable of responding to very 
feeble influences may be used in this connec- 
tion. 

If instead of the alternating impulses short 
impulses of the same direction are conveyed 
to the plates P and P’, the apparatus de- 
scribed may still readily be used, and for 
this purpose if is merely necessary to shift 
the brushes b and b’ into the position indi- 
cated by the dotted lines, while maintaining 
the same conditions in regard to synchronism 
as before, so that the succeeding impulses 
will be permitted to pass into the condenser, 
but prevented from returning to the ground 
or transmitting medium during the intervals 
between them, owing to the interruption dur- 
ing such intervals of the connections leading 
from the condenser-terminals to the plates. 

Another way of using the apparatus with 
impulses of the same direction is to take off 
one pair of brushes, as b, disconnect the plate 
P from brusha and join it directly to the 
terminal T of the condenser, and to connect 
brush a with brush à. When thus modified, 
the apparatus. appears as shown in Fig. 2. 
Operated in this manner and assuming the 
speed of rotation of cylinder A to be the same, 
the apparatus will now be evidently adapted 
for a number of impulses per unit of time 
twice as great as in the preceding case. In 
all cases it is evidently important to adjust 
the duration of contact of segments s and s’ 
with brushes 0 0’ in the manner indicated. 

When the apparatus I have described is 
used in connection with the transmission of 
signals or intelligence, it will of course be 
understood that the transmitter is operated 
in such a way as to produce disturbances or 


effects which are varied or intermitted in. 


some arbitrary manner—for example, to pro- 
duce longer and shorter successions of im- 
pulses, corresponding to the dashes and dots 
of the Morse alphabet—and the receiving de- 
vice will respond to and indicate these varia- 
tions or intermittences, since the storage de- 
vice will be charged and discharged a number 
of times corresponding to the duration of the 
successions of impulses received. 

Obviously the special appliances used in 
carrying out my invention may be varied in 
many ways without departing from the spirit 
of the same. 

It is to be observed that it is the function 
of the cylinder A, with its brushes and con- 
nections, to render the electrical impulses 
coming from the plates P and P’ suitable for 
charging the condenser (assuming them to be 
unsuitable for this purpose in the form in 
which they are received) by rectifying them 
when they are originally alternating in di- 
rection or by selecting such parts of them as 
are suitable when all are not, and any other 
device performing this function willobviously 
answer the purpose. It is also evident that 
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a device such as 1 have already referred 16 
which offers a moreready passage to impulses 
of one sign or permits only impulses of the 
same sign to pass may also be used to perform 
this selective function in many cases when 
alternating impulsesare received. When the 
impulses are long and all of the same direc- 
tion, and even when they are alternating but 
sufficiently long in duration and sustained in 
electromotive force, the brushes b and b' may 
be adjusted so as to bear on the parts B B’ of 
the cylinder A, or the cylinder and its brushes 
may be omitted and the terminals of the con- 
denser connected directly to the plates P 
апа Р’. 

It will be seen that by the use of my inven- 
tion results hitherto unattainable in utilizing 
disturbances or effects transmitted through 
natural media may be readily attained, since 
however great the distance of such transmis- 
sion and however feeble or attenuated the im- 
pulses received enough energy. may be aceu- 
mulated from them by storing up the energy 
of succeeding impulses for a sufficient inter- 
val of time to render the sudden liberation 
of it highly effective in operating a receiver. 
In this way receivers of a variety of forms 
may be made to respond effectively to im- 
pulses too feeble to be detected or to be made 
to produce any sensible effect in any other 
way of which I am aware=a result of great 
value in scientific research as well as in vari- 
ous applications to practical use. 

What I claim as my invention, and desire 
to secure by Letters Patent, is— 

1. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir- 
cuit and adapted to be charged thereby, are- 
ceiver, and means for causing the receiver to 
beoperated by the energy accumulated in the 
storage device at arbitrary intervals of time, 
substantially as described. 

2. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
souree of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir- 
cuit and adapted to be charged thereby, 
means for commutating, directing or select- 
ing the current impulses in the charging-cir- 
cuit, a receiving-circuit, and means for dis- 
charging the storage device through the re- 
ceiving-circuit, substantially as described. 

3. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
condenser ineluded in the charging-cireuit 
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and adapted to be charged thereby, means 
for commutating, directing or selecting the 
current impulses in the charging-circuit, a 
receiving-circuit, and means for discharging 
the condenser through the receiving-circuit, 


'" substantially as described. 
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4. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir- 
cuit. and adapted to be charged thereby, 
means for commutating, directing or select- 
ing the current impulses in the charging-cir- 
cuit so as to render them suitable for charg- 
ing the storage device, a receiving-circuit, 
and means for discharging the storage device 
through the receiving-cireuit, substantially 
as deseribed. 

5. In an apparatus for utilizing electrical 
effeets or disturbanees transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
eharging-eireuit adapted to be-energized by 
the action of such effects or disturbances, a 
condenser included in the charging-cireuit 
and adapted to be charged thereby, means 
for commutating, directing or selecting the 
current impulsesin the charging-circuit so as 
to render them suitable for charging the con- 
denser, areceiving-cirenit, and means for dis- 
charging the condenser through the receiv- 
ing-circuit, substantially as described. 

6. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
eharging-cireuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir- 
cuit and adapted to be charged. thereby, 
means for commutating, directing or select- 
ing the current impulses in the charging-cir- 
cuit so as to render them suitable for charg- 
ing the storage device, a receiving-circuit, 
and means for discharging the storage device 
through the receiving-circuit at arbitrary in- 
tervals of time, substantially as described. 

7. In an apparatus for utilizing electrical 
effects or disturbances transmitted to a dis- 
tant receiving-station, the combination with 
a source of such effects or disturbances of a 
circuit distant from the source and adapted 
to have current impulses set up in it by the 
action of the effects or disturbances, a stor- 
age device, means for commutating, directing 
or selecting the impulses and connecting the 
circuit with the storage device at succeeding 
intervals of time synchronizing with the im- 
pulses, a receiving-eireuit, and means for pe- 
riodically discharging the storage device 
through the receiving-circuit, substantially 
as described. 
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tant receiving-station, the combination with 
a source of such effects or disturbances of a 
circuit distant from the source and adapted 
to have current impulses set.up in it by the 
action of the effects or disturbances, a con- 
denser, means for commutating, directing or 
selecting the impulses and connecting the cir- 
cuit with the condenser at succeeding inter- 
vals of time synchronizing with the impulses, 
a receiving-circuit, and means for period- 
ically discharging the condenser through the 
receiving-ceireuit, substantially as described. 

9. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of acir- 
cuit connecting points at adistance from the 
source between which a difference of poten- 
tial is created by such effects or disturbances, 
a storage device included in such cireuit and 
adapted to be charged with the energy sup- 
plied by the same, a receiving-circuit con- 
nected with the storage device, a receiver in- 
cluded in such receiving-eireuit, and means 
for closing the receiving-cirenit and thereby 
causing the receiver to be operated by the 
energy accumulated in the storage device, 
substantially as described. 

10. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a cir- 
cuit at a distance from the source which is 
energized by such effects or disturbances, a 
storage device adapted to be charged with the 
energy supplied by such cireuit, means for 


‘connecting the storage device with the said 


circuit for periods of time. predetermined as 
to succession and duration, a receiving-cir- 
cuit connected with the storage device, a re- 
ceiver included in such receiving-circuit, and 
means for closing the receiving-circuit and 
thereby causing the receiver to be operated 
by the energy accumulated in the storage de- 
vice, substantially as described. 

11. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination of a cir- 
cuit connecting points at a distance from the 
source between which a difference of potential 
is created by such effects or disturbances, a 
storage device included in such circuit and 
adapted to be charged with the energy sup- 
plied by the same, a receiving-circuit, a re- 
ceiver included in such circuit, and means for 
connecting the receiving-circuit with the stor- 
age device for periods of time predetermined 
as to succession and duration and thereby 
causing the receiver to be operated by the en- 
ergy accumulated in the storage device, sub- 
stantially as described. 


19. In an apparatus for utilizing electrical 


effects or disturbances transmitted through 
the natural media, the combination of a cir- 
cuit connecting points at a distance from the 


8. In an apparatus for utilizing electrical | source between which a difference of potential 
effects or disturbances transmitted to a dis- Í is created by such effects or disturbances, a 
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storage device adapted to be charged with the 
energy supplied by such circuit for sueceed- 
ing and predetermined periods of time, a re- 
ceiving-circuit, a receiver included in the re- 
ceiving-circuit, and means for connecting the 
receiving-eireuit with the storage device for 
periods of time predetermined as to succes- 
sion and duration and thereby causing the re- 
ceiver to be operated by the energy accumu- 
lated in the storage device, substantially as 
described. 

13. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination of a eir- 
cuit connecting points at a distance from the 
source, between which a difference of potential 
is created by such effects or disturbances; a 
conderser included in such circuit and adapt- 
ed to be charged by the eurrent in the same, 
à receiving-eireuit connected with the con- 
denser, a receiver ineluded in such receiving- 
circuit, and a device adapted to close the re- 
ceiving-cireuit at arbitrary intervals of time 
and thereby cause the receiver to be operated 
by the electrical energy accumulated in the 
condenser, substantially as described. 


14. In an apparatus for utilizing electrical | 


effects or disturbances transmitted through 
thenatural media, the combination ofa chars g- 
ing-cirenit distant from the source and ener- 
sized by the effects or disturbances, a storage 
device included in the charging- circuit, means 
included in the charging- -circuit and actingi in 
synchronism with the “impulses therein “for 
commutating, directing or selecting the im- 
pulses, a receiving- circuit and means for 
periodically discharging the storage device 
through the-receiving- circuit, substantially 
as described. 

15. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
thenatural media, thecombination ofa charg- 
ing-circuit distant from the source and ener- 
gized by the effects or disturbances, a con- 
denser included in the charging- -circuit, means 
included in the charging-cirenit : and acting i in 
synehronism with the “impulses therein “for 
commutating, directing or selecting the im- 
pulses, a receiving-cireuit and means for pe- 
riodieally discharging the condenser through 
the receiving - circ uit, substantially as de- 
scribed. 

16. Inanapparatus for transmittingsignals 
orintelligencethroughthenatural media fróm 
a sending-station to; a distant point, the com- 
bination of ageneratorortransmitteradapted 
to produce arbitrarily varied or intermitted 
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electrical disturbances or effects in the natu- 
ral media, a charging-cireuit at the distant 
point adapted to receive corresponding elec- 
trical impulses or effects from the disturb- 
ances or effects so produced, a storage device 


included in the charging-circuit, means in- 


cluded in the charging- circuit and acting in 
synchronism with the impulses therein "for 
commutating, directing or selecting the im- 
pulses so as to render them suitable for charg- 
ing the storage device, areceiving-circuit and 
means for periodically discharging the stor- 
age device through the receiving- circuit, sub- 
stantially as described. 

17. Inanapparatus for transmitting signals 
or intelligence through the natural mediaf from 
a sending- station toa distant point, the com- 
bination of a generator or transmitter adapted 
to produce arbitrarily varied or intermitted 
electrical disturbances or effects in the natu- 
ral media, a charging-eireuit at the distant 
point adapted to receive corresponding elec- 
trical impulses or effects from the disturb- 
ances or effects so produced, a condenser in- 
cluded inthe charging-circuit, means included 
in the charging-cireuit and acting in syn- 
chronism with the impulses therein for com- 
mutating, directing or selecting the impulses 
so as to render them suitable for charging 
the condenser, a receiving-circuit and means 
for per iodically discharging the condenser 
through the receiving- circuit, substantially 
as described. 

18. Inan apparatus for transmitting signals 
orintelligencethroughthenatural mediafrom 
a sending- station to : a distant point, the com- 
bination of a generator or transmitter adapted 
to produce arbitrarily varied or intermitted 
electrical disturbances or effeets in the natu- 
ral media, a cireuit at the distant point adapt- 
ed to receive corresponding electrical im- 
pulses or disturbances from the disturbances 
or effects so transmitted, a storage device in- 
cluded in such circuit ‘and adapted to be 
charged thereby, a receiving -circuit con- 
nected with the storage device, a receiver in- 
cluded in the receiving-cireuit and a device 
for closing the receiving-cirenit at arbitrary 
intervals of time and thereby causing the re- 
ceiver to be operated by the energy accumu- 
lated in the storage device, substantially as 
described. 


NIKOLA TESLA. 
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To all whom tt may concern: 

Beit known thatI, NIKOLA TESLA, a citizen 
of the United States, residing at New York 
city, in the county and State of New York, 
have invented a new and useful Improvement 
in Apparatus for Utilizing Effects Transmit- 
ted from a Distance to a Receiving Device 
Through the Natural Media, of which the fol- 
lowing i isa specification, reference being had 
to the accompanying drawings, which form a 
part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving de- 
vice through the natural media; and it con- 
sists in the novel apparatus hereinafter de- 

seribed. 

This application is a division of one filed 
by me August 1, 1899, Serial No. 725,749, and 
based upon and claiming the method herein 
described and which may be practiced by the 
use of the apparatus forming the subject of 
this application. 

My invention is particularly useful in con- 
nection with methods and apparatus for op- 
erating distant receiving devices by means 
of electr ical disturbances. produced by proper 
transmitters and conveyed to such receiving 
devices through the natural media; butit ob- 
viously has a wider range of applicability 
and may be employed, for “example, in the in- 
vestigation or utilization of terrestrial, solar, 
or other disturbances produced by natural 
causes. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 


receivers are now known and have been ap- 


plied with more or less success for accom- 
plishing a variety of useful results. One of 
these ways consists in producing by a suit- 
able apparatus rays or. radiations—that is, 
disturbances — which are propagated: in 
Straight lines through space, directing them 
upon a receiving or “recording apparatus ata 
distance, and thereby bringing the latterinto 
aetion. "This method is the oldest and best 
known and has been brought particularly into 
prominence. in recent years through the in- 
vestigations of Heinrich Hertz. Another 


method consists in passing a-current.through 


| & cireuit, preferably one inclosing a very 
large area, inducing thereby in a similar cir- 
cuit situated at a distance another current 
and affecting by the same in any convenient 
way a receiving device. Still another way, 
which has also been known for many years, 
is to passin any suitable manner a current 
through a portion of the ground, as by con: 
necting to two points of the same, preferably 
| at a considerable distance from each other, 
the two terminals of a generator and to en- 
ergize by a part of the current diffused through 
the earth a distant circuit, which is similarly 
arranged and grounded at two points widely 
apart and which is made to act проп а sensi- 
tive receiver. These various methods have 
their limitations, one especially, which is 
common to all, being that the receiving cir- 
cuit or instrument must be maintained in a 
definite position with respect to the trans- 
mitting apparatus, which often imposes great 
disadvantages upon the use of the apparatus. 

In several applications filed by me and pat- 
ents granted to me I have disclosed other 
methods of accomplishing results of this na- 
ture, which may be briefly described as fol- 
lows: In one system the potential of a point 
or region of the earth is varied by imparting 
to it intermittent or alternating electrifica- 
tions through one of the terminals of a suit- 
able source of electrical disturbances, which, 
to heighten the effect, has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a highly-sensitive receiver. 
Another method is based upon the fact that 
the atmospheric air, which behaves as an ex- 
cellent insulator to currents generated by or- 
dinary apparatus, becomes aconductor under 
the influence of currents or impulses of enor- 
mously high electromotive force, which I have 
devised means for generating. By ‘such 
means air strata, which are easily accessible, 


are rendered available for the production of roo 


many desired effects at distances however 
great. ` This method, furthermore, allows ad- 
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vantage to be taken of many of those im- 
provements which are practicable in the or- 
dinary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possrole, and by the use of cer- 
tain forms of high -frequency apparatus, 
which I have devised and which are now well 
known, important practical advantages are 
in this respect secured. Furthermore, since 
in most cases the amount of energy conveyed 
to the distant circuit is but a minute fraction 
of the total energy emanating from thesource 
it is necessary for the attainment of the best 
results that whatever the character of the re- 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation 
of the receiver, and with this object in view 
І һауе heretofore, among other means, em- 
ployed a receiving-circuit of high self-indue- 
tion and very small resistance and of a period 
such as to vibrate in synchronism with the dis- 
turbances, whereby a number of separate im- 
pulses from the source were made to codperate, 
thus magnifying the effect exerted upon and 
insuring the action of the receiving device. 
By these means decided advantages have been 
secured in many instances; but very often the 
improvement is either not applicable at all, 
or, if so, the gain is very slight. Evidently 
when the source is one producing a continu- 
ous pressure or delivering impulses of long 


duration it is impracticable to magnify the 


effects in this manner, and when, on the other 
hand, it is one furnishing short impulses of 
extreme rapidity of succession the advantage 
obtained in this way is insignificant, owing to 
the radiation and the unavoidable frictional 
waste in the receiving-circuit. These losses 
reduce greatly both the intensity and the 
number of the codperative impulses, and 
since the initial intensity of each of these 


_is necessarily limited only an insignificant 
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amount of energy is thus made available for 
a single operation of the receiver. As this 
amount is consequently dependent on the 
energy conveyed to the receiver by one single 
impulse, it is evidently necessary to employ 
either a very large and costly, and therefore 
objectionable, transmitter, or else to resort to 
the equally objectionable use of à receiving 
device too delicate and too easily deranged. 
Furthermore, the energy obtained through 
the coöperation of the impulses isin the form 
of extremely rapid vibrations and because of 
this unsuitable for the operation of ordinary 
receivers, the more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and time of its application to such de- 
vices. ‘To overcome these and other limita- 
tions and disad vantages that have heretofore 
existed in such systems of transmission of sig- 
nals or intelligence and to render possible 
an investigation of impulses or disturbances 
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| propagated through the natural media from 
any kind of source and their practical utili- 
zation for any purpose to which they are ap- 
plicable, I have devised a novel method, which 
I have described in a pending application, 
filed June 24, 1899, Serial No. 721,790, and 
which, broadly stated, consists in effecting 
during any desired time interval a storage of 
energy derived from such impulses and util- 
izing the potential energy so obtained for op- 
erating a receiving device. 

My present invention is intended for the 
same general purposes, and it comprises an- 
other apparatus by means of which similar 
results may be obtained. 

The chief feature which distinguishes the 
method of my present from that of my former 
invention, just referred to, is that the energy 
stored is not, as in the former instance, ob- 
tained from the energy of the disturbances 
or effects transmitted from a distance, but 
from an independent source. 

Expressed generally, the present method 
consists in charging a storage device with en- 
ergy from àn independent source, controlling 
the charging of said device by the action of the 
effects or disturbances transmitted through 
the natural media, and coincidently using 
the stored energy for operating a receiving 
device. 

A great variety of disturbances, produced 
either by suitably-eonstrueted transmitters 
cr by natural causes, are at present known 
to be propagated through the natural media, 
and there are also a variety of means or de- 
vices enabling energy to be stored, and in 
view of this I wish to say that I consider the 
utilization of any such disturbances and the 
employment of any of these means as within 
the scope of my present invention so long as 
the use of the general method hereinbefore 
stated is involved. 

The best way of carrying out myinvention 
which I at present know is to store electrical 
energy obtained from a suitable electrical 
generator in a condenser and to control the 
storage or the application of this energy by 
means of a sensitive device acted upon by 
the effects or disturbances, and thereby cause 
the operation of the receiver. 

In the practical application of this method 
Iusually proceed as follows: At any point 
where I desire to investigate or to utilize for 
any purpose effects or disturbances propa- 
gated through the natural media from any 
kind of source I provide a suitable generator 
of eleetricity—-as, for example, a battery and 
a condenser—which I connect to the poles of 
the generator in series with a sensitive de- 
vice capable of being modified in its elec- 
trical resistance or other property by the ac- 
tion of the disturbances emitted from the 
source. То Пе terminals of the condenser I 








connect the receiver which is to. be operated 
in series with another device of suitable con- 
struction, which performs the function of pe- 
| riodically discharging the condenser through 
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the receiver at and during such intervals of 
time as may be best suitable for the purpose 
contemplated. This latter device may merely 
consist of two stationary electrodes separated 
by a feeble dielectric layer of minute thick- 
ness, but sufficient to greatly reduce or prae- 
tically interrupt the current in the circuit 
under normal conditions, or it may comprise 
terminals one or more of which are movable 
and actuated by any suitable force and are 
adapted to be bronght into and out of con- 
tact with each other in any convenient man- 
ner. The sensitive device may be any of the 
many devices of this kind which are known 
to be affected by the disturbances, impulses, 
or effects propagated through the media, and 
it may be of such a character that normally— 
that is, when not acted upon—it entirely pre- 
vents the passage of electricity from the gen- 
erator to the condenser, or it may be such 
thatit allows a gradual leaking through of 
the current and a charging of the condenser 
at a slow rate. In any case. it will be seen 
that if the disturbances, of whatever nature 
they may be, cause an appreciable diminu- 
tion in the electrical resistance of the sensi- 
tive device the current from the battery will 
pass more readily into the condenser, which 
will be charged ata more rapid rate, and con- 
sequently each of its discharges through the 
receiver, periodically effected by the special 
device before referred to which performs this 
function, will be stronger than normally— 
that is, when the sensitive device is not acted 
upon by the disturbances. Evidently then 
if the receiver be so adjusted that it does not 
respond to the comparatively feeble normal 
discharges of the condenser, if they should 
occur, but only to those stronger ones which 
take place upon the diminution of the re- 
sistance of the sensitive device it will be op- 
erated only when this device is acted upon 
by the disturbances, thus making it possible 
to investigate and to utilize the latter for any 
desired purpose. 

The general principle underlying my inven- 
tion and the operation of the various devices 
used will be clearly understood by reference 
to the accompanying drawings, in which— 

Figure lis a diagram illustrating a typical 
arrangement of apparatus which may be used 
in carrying my method into practice, and 
Figs. 2, 3, 4, and 5 similar diagrams of modi- 
fled arrangements of apparatus for the same 
purpose. . . 

In Fig. 1, C is a eondenser, to the terminals 
T and T’ of which is connected a charging- 
circuit, including a battery B, a sensitive đe- 
vice a, and a resistance v, all connected in se- 
ries, as illustrated. The battery should be 
preferably of very constant electromotive 


force and of. an intensity carefully deter-. 


mined to secure the best results. The resist- 


ance r, which may be a frictional or an in- 
ductive one, is not absolutely necessary; but 
it is of advantage to use it in order to facili- 
tate adjustment, and for this purpose it may 





be made variablein any convenient and pref- 
erably continuous manner. Assuming that 
the disturbances which are to be investigated 
or utilized for some practical end are rays 
identical with or resembling those of ordinary 
light, the sensitive device a may be a sele- 
nium cell properly prepared,so as to behighly 
susceptible to the influence of the rays, the 
action of which should be intensified by the 
use of a reflector A. (Shown in the draw- 
ings.) It is well known that when cells of 
this kind are exposed tosuch rays of greatly- 
varying intensity they undergo correspond- 
ing modifications of their electrical resistance; 
but in the ways they have been heretofore 
used they have been of very limited utility. 

In addition to the circuit including the sensi- 
live device or cell a another circuit is pro- 
vided, which is likewise connected to the ter- 
minals 'T T" of the condenser. This circuit, 
which may be called the *' receiving-eireuit," 
includes the receiver R and in series with it 
a device d, before referred to, which performs 


the daty of periodically discharging the con- 


denser through the receiver. It will be noted 
that, as shown in Fig. 1, thereceiving-cireuit 
is in permanent connection with the battery 
and condenser-terminal T, and it should be 
stated that it is sometimes desirable to en- 
tirely insulate the receiving -cireuit at all 
times, except the moments when the device 
d operates to discharge the condenser, thus 
preventing any disturbing influence which 
might otherwise be caused in this cireuit by 
the battery or the condenser during the pe- 
riod when the receiver should not be acted 
upon. In sucha case two devices, as d, may 
be used, one in each connection from the con- 
denser to. the receiving-circuit, or else one sin- 
gle device of this kind, but of a suitably-modi- 
fied construction, so that it will make and 
break simultaneously and at proper intervals 
of time both of the connections of this circuit 
with the condenser T and T’. 

From the foregoing the operation of the ap- 
paratus, as illustrated in Fig. 1, will be at 
once understood. Normally—that is, when 
it is not influenced by the rays at all or very 
slightly—the cell a, being of a comparatively 
high resistance, permits only a relatively fee- 
ble eurrent to pass from the battery into the 
condenser, and hence the latter is charged 
at too slow a rate to accumulate during the 
time interval between two succeeding opera- 
tions of the device d sufficient energy to op- 
erate the receiver or, generally speaking, to 
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circuit. This condition is readily secured by 
a proper selection and adjustment of the vari- 
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis- 
charges of the condenser which may take 
place when the cell aisacted upon but slightly 
or not at all by the rays or disturbances; but 
if now new rays are permitted to fall upon 
the cell or if the intensity of those already 


acting upon it be increased by any cause then =~. 
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its resistance will be diminished and the con- 
denser will be charged by the battery at a 
more rapid rate, enabling sufficient potential 
energy to be stored in the condenser -during 
the period of inaction of the device d to op- 
erate the receiver or to bring about any de- 
Sired change in the receiving-cirenit when 
the device d acts. If the rays acting upon 
the cell or sensitive device q are varied orin- 
termitted in any arbitrary manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 
long signals, the apparatus may readily be 
made to record or.to enable an operator to 
read the message, since the receiver—suppos- 
ing it to be an ordinary magnetic relay, for 
example—will be operated by each signal from 
thesending-station a certain number of times, 
having some relation to the duration of each 
signal. It will be readily seen, however, that 
if the rays are varied in any other way, as 
by impressing upon them changes in intensity, 
the succeeding condenser discharges will un- 
dergo corresponding changes in intensity, 
which may be indicated or recorded by asuit- 
able receiver and distinguished irrespectively 
of duration. 

With reference to Fig. 1 it may be useful 
to state that the electrical connections of 
the various devices illustrated may be made 
in many different ways. For instance, the 
sensitive device instead of being in-series, 
asshown, may bein ashunt to the condenser, 
this modification being illustrated in‘Fig. 3, 
in which the devices already described are 
indicated by similar letters to correspond with 
those of Fig. 1. In this case it will be ob- 
served that the condenser, which is being 
charged from the battery B through the re- 
sistance r, preferably induetive and properly 
related to the capacity of the condenser, will 
store less energy when the sensitive device 
a isenergized by the rays, and its resistance 
thereby diminished. Theadjustment of the 
various instruments may then be such that 
the receiver will be operated only when the 
rays are diminished in intensity or interrupt- 
ed and entirely prevented from falling upon 
the sensitive cell, or the sensitive device may 
be'plaeed, as shown in Fig. 4, inashunttothe 
resistance r or inserted in any suitable way 
in the circuit containing the receiver—for 
example, as illastrated in Fig. 5—in both of 
which figures the various devices are lettered 
to correspond with those in Fig. 1, sothat the 
figures become self-explanatory. Again, the 
several instruments may be connected in the 
manner of a-Wheatstone bridge, as will be 
hereinafter explained with reference to Fig. 
2, or otherwise connected or related; but in 
each case the sensitive device will have the 
same duty to perform—thatis, to control the 
energy stored and utilized in some suitable 
way for causing the operation of the receiver 
in correspondence with the intermittances or 
variations of the effects or disturbances—and 
in each instance by a judicious selection of 
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the devices and careful adjustment the ad- 
vantages of my method may be more or less 
completely secured. I find it preferable, 
however, to follow the plan which I have illus- 
trated and described. ` 

It will be observed that the condenser is an 
important element in the combination. I 
have shown that by reason of its unique prop- 
erties it greatly adds to the efficacy of this 
method. It allows the energy accumulated 
in it to be discharged instantaneously, and 
therefore in a highly effective manner. It 
magnifies in a large degree the current sup- 
plied from the battery, and owing to these 


. features it permits energy to be stored and 


discharged at practically any rate desired, 
and thereby makes it possible to obtain in the 
receiving-circuit very great changes of the 
current strength by impressing upon the bat- 
tery-current very small variations. Other 
means of storage possessing these character- 
istics to a useful degree may be employed 
without departing from the broad spirit of 
my invention; butI prefer to use.a condenser, 
since in these respects it excels any other 


. storage device of which I have knowledge. 


In Fig. 2 à modified arrangement of appa- 
ratus is illustrated which is particularly 
adapted for the investigation and utilization 
of very feeble impulses or disturbances, such 
as may be used in conveying signals or pro- 
ducing other desired effects at very great dis- 
tances. In this case the energy stored in the 
condenser is passed through the primary of 
a transformer, the secondary circuit of which 
contains the receiver, and in order to render 
the apparatus still more suitable for use in 
detecting feeble impulses, in addition to the 
sensitive device which. is acted upon by the 
impulses, another such device is included in 
the secondary cireuit of the transformer. 
The scheme of connections is in the main that 
of a Wheatstone bridge, the four branches of 
which are formed by the sensitive device a 
and resistances L, L’, and L”, all of which 
should be preferably inductive and also ad- 
justable in a continuous manner, or at least 
by vėrysmallsteps. The condenser О”, which 
is generally made of considerable capacity, is 
connected to two opposite points of the bridge, 
while a battery B, in series with a continuous- 


-ly-adjustable non-inductive resistance +’, is 


connected to the other pair of opposite points, 
as usual. The four resistances included in 
the branches of. the bridge—namely, a, L, L’, 
and L'—-are of a suitable size and so propor- 
tioned that under normal conditions—that is, 
when the device a is not influenced at all or 


only slightly by the disturbances—there will 


be no difference of potential, or, in any ease, 
the minimum of-the same at the terminals T 
and T' of the condenser. It is assumed in 
the present instance that the disturbances to 
be investigated or utilized are such as will 
producea difference of electric potential, how- 
ever small, between two points or regions in 
the natural media, as the earth, the water, 
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two plates P and P’, which should be of as 
large a surface as practicable and so located 
in the media that the largest possible differ- 
ence of potential will be produced by the dis- 
turbances between the terminals of the sen- 
sitive device. This device is in the present 
ease one of familiar construction, consisting 
of an insulating-tube, which is indicated by 
the heavy lines in the drawings and which 
has its ends closed tightly by two conducting- 
plugs with reduced extensions, upon which 
bear two brushes b 0, through which the cur- 
rents are conveyed to the device. The tubu- 
lar space between the plugs is partially filled 
with a conducting sensitive powder, as indi- 
cated, the proper amountof thesame and the 
size of its grains being determined and ad- 
justed beforehand by experiment. "Thistube 
I rotate by clockwork or other means аї а 
uniform and suitable rate of speed, and un- 
der these conditions I find that this device 
behaves toward disturbances of the kind be- 
fore assumed in a manner similar to that of 
a stationary cell of celenium toward rays of 
light. Its electrical resistance is diminished 
when itis acted upon by the disturbances 


and is automatically restored upon the cessa- . 


tion of their infiuence. Itis of advantage to 
employ round grains of powder in the tube, 
and. in any event it is important that they 
should be of as uniform size and shape as pos- 
sible and that provision should be made for 
maintaining an unchanging and very dry at- 
mosphere in the tnbe. To the terminals T 
and T’ of the condenser C’ is connected a coil 
p, usually consisting of a few turns of a con- 
ductor of very small resistance, which is. the 
primary of the transformer before referred 
to, in series with a device d, which effects the 
discharge of the condenser through the coil 
4 at predetermined intervals of time. Inthe 
present case this device consists of a cylinder 
made partly of conducting and partly of in- 
sulating material e and e', respectively, which 


is rotated at the desired rate of speed by. 


any suitable means. The conducting part e 
is in good electrical connection with shaft S 
and is provided with tapering segments, as f, 
upon which slides a brush Æ, which should 
preferably be capable of longitudinal adjust- 
ment along the cylinder. Another brush 5, 
which is connected to the condenser-termi- 
nal T’, being arranged to bear upon the shaft 
S, it will be seen that whenever the brush & 
comes in contact with a conducting-segment e 
the circuit including the primary p will be 
completed and the condenser, if energized, 
discharged through thesame. By an adjust- 


ment of the speed of rotation of the cylinder 
and a displacement of the brush £ along the 
axis of the same the cireuit may be made to 
open and elose in as rapid succession and re- 
main open or elosed during such intervals of 
time asmay be desired. Ininductive relation 
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to the primary p is a secondary coils, usually 
of much thinner wire and of many more turns 
than the former, to which are connected in a 
series a receiver R, illustrated as an ordinary 
magnetic relay, a continuously -adjustable 
non-inductive resistance 7”, a battery B’ of a 
properly-determined and very constant elec- 
tromotive force, and finally a sensitive device 
a’ of the same or similar construction as a, 
which is likewise rotated at-a uniform speed 
and. which, with its brushes b' b”, closes the 
secondary circuit. The electromotive force 
of the battery B’ isso graduated by means of 
the adjustable resistance 7” that the dielec- 
tric layers in the sensitive device a’ are 
strained very nearly to the point of breaking 
down and give way upon a slight increase of 
the electrical pressure on the terminals of the 
device. It will of course be understood that 
the resistance +” is used mainly because of 
convenience and that it may be dispensed 
with, in which case the adjustment may be 
effected in many other ways, as by deter- 
mining the proper amount. or coarseness of 
the sensitive powder or by varying the dis- 
tance apart of the metallic plugs in the ends 
of the tube. The same may be said of the re- 
sistanċe r', which is in series with the bat- 
tery B and serves to graduate the force of the 
latter, so that the dielectric layers of the sen- 
sitive device a are -subjected to a similar 
strain and maintained in a state of delicate 
poise. | . 

The various instruments being connected 
and adjusted in the manner deseribed, it will 
now be readily seen from the foregoing that 
`under normal eonditions, the deviee a being 
unaffected by the disturbances, or practically 
so, and there being no or only a very insig- 
nificant amount of energy stored in the con- 
denser, the periodical closure of the primary 
circuit of the transformer through the opera- 
tion of the device d will have no appreciable 
effect. upon the primary coil p, and hence no 
currents will be generated in the secondary 
coil s, at least not such as would disturb the 
state of delicate balance existing in the sec- 
ondary circuit including the receiver, and 


-therefore the latter will not be actuated by 


the battery B'; but when, owing to the dis- 
turbanees or impulses propagated through 
the media from a distant source, an addi- 
tional electromotive force, however small, is 
created between the terminals of the device a 
the dielectric layers in the same, unable to 
support the increased strain, give way and 
allow the current of the battery B to pass 
through, thus causing a difference of po- 
tential at the terminals T and T" of the con- 
denser. Asuffieient amount of energy being 
now stored in this instrument during the 
time interval between each two succeeding op- 
erations of the device d, each closure of the 
primary circuit by the latter results in the 
passage of a sudden current impulse through 
the coil p, which induces a corresponding cur- 
rent of relatively high electromotive force in 
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the secondary coil s. Owing to tbis the di- 
electric in the device a’ gives way, and the 
current of the battery B’ being allowed to 
pass the receiver R is operated, but only for 
a moment, since by the rotation of the de- 
vices a, a’, and. d, which may be all driven 
from the same shaft, the original conditions 
are restored, assuming, of course, that the 
electromotive force set up by the disturbances 
at the terminals of the sensitive device. a is 
only momentary or of a duration not longer 
than the time of closure of the primary cir- 
cult; otherwise the receiver will be actuated 
a number of times and so long as the in- 
fluence of the disturbances upon the device a 
continues. In order to render the discharged 
energy of the condenser more effective in 
causing the operation of the receiver, the re- 
sistance of the primary cireuit should be very 
small and the secondary coil s should havea 
number of turns many times greater than 
that of the primary eoil p. It will be noted 
that since the condenser under the above as- 
sumptions is always charged in the same di- 
rection the strongest current impulse in the 
secondary coil, which is induced at. the mo- 
ment when the brush E comes in contact 
with segment e, is also of unchanging- direc- 
tion, and for the attainment of the best re- 
sults it is necessary to connect the secondary 
coil so that the electromotive force of thisim- 
pulse will be added to that of the battery and 
will momentarily strengthen thesame. How- 
ever, under certain conditions, which are well 
understood by those skilled in the art, the 
devices will operate whichever way the sec- 
ondary be connected. Itispreferableto make 
the inductive resistances L and L’ relatively 
large, as they are in a shunt to the device a 
and might, if made too small, impair its sen- 
sitiveness. On the other hand, the resistance 
L” should not be too large and should be re- 
lated to the capacity of the condenser and the 
number of makes and breaks effected by the 
device d in well-known ways. Similar con- 
siderations apply, of course, to the eireuits in- 
eluding the primary p and secondary s, re- 
spectively. | : . 

By earefully observing well-known rules of 
scientific design and adjustment of the in- 
struments the apparatus may be made ex- 
tremely sensitive and capable of responding 
to the feeblest influences, thus making it pos- 
sible to utilize impulses or disturbances trans- 
mitted from very great distances and too 
feeble to be detected or utilized in any of the 
ways heretofore known, and on this account 
the method here described lends itself to many 
scientific and practical uses of great value. 

Obviously the character of the devices and 
the manner in which they are connected or 
related may be greatly varied without depart- 
ing from the spirit of my invention. 

What I claim as new, and desire to secure 
by Letters Patent, is—  . 

i. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
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media from a distant source, the combination 
of an electrical storage device, a charging- 
circuit connected therewith and including a 
device sensitive to the action of the effects or 
disturbances and determining under their 
control the flow of current in the charging- 
circuit, a receiving-cireuit ineluding a re- 
ceiver, and means-for periodically discharg- 
ing the storage device through the receiving- 
circuit, substantially as described. 

2. In'an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant-source, the combination 
of a condenser, a charging-circuit connected 
therewith and ineluding a source of electric- 
ity and a device sensitive to the action of the 
effects or disturbances and determining un- 
der their eontrol the flow of current in the 
charging-circuit, a receiving-cireuit inelud- 
ing a.receiver, and means for periodically 
discharging the condenser through the. re- 
ceiving-circuit, substantially as described. 

3. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a circuit including a source of electricity, 
a storage device adapted to be charged there- 
by.and a device normally of very high re- 
sistance but adapted to have its resistance re- 
duced when acted upon by the effects or dis- 
turbances, with a receiving-circuit connected 
with.the storage device and including a re- 
ceiver and a device adapted.to open and close 
the receiving-circuit at predetermined inter- 
vals of time, substantially as described. 

4. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a circuit including a source of electricity, 
a condenser and a device normally of very 
high resistance but adapted to have its re- 
sistance reduced when acted upon by the ef- 
fects or disturbances, with a receiving-circuit 
connected with the condenser and including 
a receiver and a device adapted to open and 
close the receiving-cireuit at predetermined 
intervals of time, substantially as described. 

5. In an apparatus for utilizing effects or 
disturbances. transmitted from a distant 
source, the combination of a circuit including 
asource of electricity, a storage device adapt- 
ed to be charged thereby and a device, nor- 
mally of very high resistance but adapted to 
have its resistance reduced when acted upon 
by the effects or disturbances, with a receiv- 
ing-circuit connected with the storage device 
and including the primary of a transformer 
and a device adapted to open and close such 
second circuit at predetermined intervals of 
time, and a receiver included in the second- 
ary of the transformer, substantially as de- 
scribed. | 

6. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of an electrical stor- 
age device,a charging-circuit connected there: 
with and ineluding a device sensitive to the 
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action of the effects or disturbances and de- 
termining under their control the flow of the 
current in the charging-circuit, and a receiv- 
ing-eireuit supplied with energy from the 
storage device and including a receiver anda 
device sensitive to electrical y variations in the 
receiving-eireuit, substantially as deseribed. 

7. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a condenser, a charging-circuit connected 
therewith and including a device sensitive to 
the action of the effects or disturbances and 
determining under their control the flow of 
the current in the chárging-eireuit, and a re- 
ceiving-cireuit supplied with energy from the 
condenser and including a receiver and.a de- 
vice sensitive to electrical variations in the 
receiving-circuit, substantially as described. 

8. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 


. of a cirenit, an independent local source of 


electricity included therein; a storage device 
connected with the said cireuit and adapted 
to receive energy from the said source, a de- 
vice normally of very high resistance, but 


adapted to have its resistance reduced when: 


acted upon by-the effects or disturbances, a 
receiving-cirecuit connected with the storage 
device, a transformer, the primary of which 
is included in said receiving-eireuit, a device 
adapted to open and close the receiving-cir- 
euit at predetermined intervals of time, : a re- 
ceiver, and a device, normally of very high re- 
sistance, but adapted to have its resistance 
reduced when acted upon by the effects or dis- 
turbances, and included in the secondary cir- 
cuit of the transformer, as set forth. 


9.. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 


source, the combination with a storage device 
and an independent source of energy for 
charging the same, of a receiving-cireuit con- 
nected with the storage device, a device sen- 
sitive to the effects or disturbances and de- 
termining under their contro] the flow of cur- 
rent in the receiving-cireuit, substantially as 
set forth. 

10. In an apparatus for utilizing effects or 





“7 


disturbanees transmitted through the natural 
media from a distant source, the combination 
with a storage device and an independent 
source of energy for charging the same, of a 
receiving-eireuit connected with the storage 
device, a device sensitive to the effects or 
disturbances and adapted to have its resist- 
ance. varied by the action thereon of such 
effects or disturbances and determining un- 
der their control the flow of current in the 
receiving-circuit, substantially as set forth. 

11. In: an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of a storage device, 
a battery or similar independent source of 
energy for charging the same, a sensitive de- 
vice adapted to have its resistance varied un- 
der the influence of the effects or disturb- 
ances, a receiver adapted to be operated by 
the discharge of the storage device, the sen- 
sitiye device being in one branch’ of a Wheat- 
stone bridge, the storage device in one of the 
Cross connections between two opposite points 
of the bridge, and the battery in the other 
cross connection, and resistances L, L' and 
L" in the three Temaining branches of the 
bridge, as set forth. 

12. In àn apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant souree, the combination 
of a storage device, a battery or like inde- 
pendent source of energy for charging the 
same, a sensitive device adapted to “have its 
resistance varied under the influence of the 
effects or disturbances, a circuit connected 
with the terminals of the storage device, a 
transformer having its primary in said circuit 
and a receiver in the secondary circuit of the 
transformer, the sensitive device being in one 
branch of a Wheatstone bridge, the ‘storage 


device in one of.the cross connections De- 


tween opposite points of the bridge and the 
battery in the other cross connection, and re- 
sistances L, L' and L'' in the-three remaining 
branches of the bridge, as set forth. 


NIKOLA TESLA. 


Witnesses: 
Е. А. SUNDERLIN, 
D. D. LORD. 
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To all whom it may concern: ~ 
Beit known that I, NIKOLA TESLA, a citizen 


- of the United States, residing at the borough 


10 


of Manhattan, in the city, county, and State 
of New York, have invented certain new and 
useful Improvements in Apparatus for the 
Utilization of Radiant Energy, of which the 
following is a specification, reference being 
had to the drawings accompanying and form- 
ing a part of the same. 

It is well known that certain radiations— 
such as those of ultra-violet light, cathodic, 


_ Roentgen rays, or the like—possess the prop- 


15 


` 20 


erty of charging and discharging conductors 
of electricity, the discharge being partieu- 
larly noticeable when the conductor upon 
which the rays impinge is negatively electri- 
fied. These radiations are generally con- 
sidered to be ether vibrations of extremely 
small wave lengths, and in explanation of the 
phenomena noted it has been assumed by 
some authorities that they ionize or render 


conducting the atmosphere through which 
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39 


35 


40 


45 


they are propagated. My own experiments 
and observations, however, lead: me to con- 
clusions more in accord with the theory here- 
tofore advanced by me that sources of such 
radiant energy throw off with great velocity 
minute particles of matter which are strongly 
electrified, and therefore capable of charging 
an electrical conductor, or, even if not so, 
may at any rate discharge an electrified con- 


ductor either by carrying off bodily its charge: 


or. otherwise. o. 
My present application is based upon a dis- 


covery which I have made that when rays or. 


radiations of the above kindare permitted to 
fall upon an insulated conducting-body con- 
nected to oneof the terminals of a condenser 
while the other terminal of the same is made 
by independent means to receive or to carry 
away electricity a current flows into the con- 
denser so long as the insulated body is ex- 
posed to the rays, and under the conditions 
hereinafter ‘specified an indefinite accumu- 
lation of electrieal energy in the condenser 
takes place. This energy after a suitable 
time interval, during which the rays are al- 


lowed to act, may manifest itself in a pow- 
' go erful discharge, which may be utilized for the 


‘with the greatest care. 





operation or control of mechanical or elec- 


trical devices or rendered useful.in many 
other ways. : | ` 
In applying my discovery I provide a con- 
denser, preferably of considerable electro- 
static capacity, and connect one of its termi- 
nals to an insulated metal plate or other con- 


‘ducting-body exposed to the rays or streams 
‘of radiant matter. 


Itis very important, par- 
ticularly in view of the fact that electrical 
energy is generally supplied at a very slow 
rate to the condenser, to construct the same 
I use, by preference, 
the best quality of mica as dielectric, taking 
every possible precaution in insulating the 
armatures, so that the instrument may with- 
stand great electrical pressures without leak- 
ing and may leave no perceptible electrifi- 
cation when discharging instantaneously. Ia 
practice I have found that the best results 
are obtained with condensers treated in the 
manner described in a patent granted to me 
February 23,1897, No. 577,071. Obviously the 


‘above precautions should be the more rigor- 


ously observed the slower the rate of charg- 
ing and the smaller the time interval during 
which the energy is allowed to accumulate in 
the condenser. The insulated plate or con- 
ducting-body should present as large æ sur- 
face as practicable to the rays or streams of 
matter, I having ascertained that the amount 
of energy conveyed to it per unit of time is 
under otherwise identical conditions propor- 
tionate.to the area exposed, or nearly so. 
Furthermore, the surface should be clean and 
preferably highly polished or amalgamated. 
The second terminal or armature of the con- 
denser may be connected to one of the poles 


to any conducting body or object whatever of 
such properties or so conditioned that by its 
means electricity of the required sign will be 
supplied to the terminal. A simple way of 
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of a battery or other source of electricity or . 
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supplying positive or negative electricity to. : 
the terminal is to connect the same either to 
an insulated conductor supported at some 
height in the atmosphere or toagrou nded con- 
ductor, the former, as is well known, furnish- 
ing positive and the latter negative electric- 
ity. Asthe rays or supposed streams of mat- 
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ter generally convey a positive charge to the 
first condenser-terminal, which is connected 
to the plate or conductor above mentioned, I 
usually connect the second terminal of the 
condenser to the ground, this being the most 
convenient way of obtaining negative elec- 
tricity, dispensing with the necessity of pro- 
viding an artificial source. In order to util- 
ize for any useful purpose the energy accu- 
malateđ in the condenser, I furthermore con- 
nect to the terminals of the samea circuit in- 
cluding an instrument or apparatus which it 
is desired to operate and another instrument 
or device for alternately closing and opening 
the circuit. This latter may be any form of 
cireuit-controller, with fixed or movable parts 
or electrodes, which may be actuated either 


by thestored energy or by independent means. 


My diseovery will be more fully understood 
from the following description and annexed 
drawings, to which reference is now made, and 
in which— ° 

Figure 1 is a diagram showing the general 
arrangement of apparatus as usually em- 
ployed. Fig. 2 isa similar diagram illustrat- 
ing more in detail typical forms of the devices 
or elements used in praetiee, and Figs. 3 and 
4ате diagram matical representations of modi- 
fied arrangements suitable for special pur- 
poses. 

As illustrative of the manner in which the 
several parts or elements of the apparatus in 
one of its simplest forms are to be arranged 
and connected for useful operation, reference 
is made to Fig. 1, in which C is the condenser, 
P the insulated plate or conducting - body 


_ which is exposed to the rays, and P’ another 


40 


45 


50 


55 
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65 


plate or conductor which is grounded, all be- 
ing joined in series, asshown. The terminals 
T' T' of the condenser are also connected to a 
circuit which includes a device R to be oper- 
ated and a circuit-controlling device d of the 
character above referred to. 

The apparatus being arranged as shown, it 
will be found that when the radiations of the 
sun or of any other source capable of pro- 
ducing the effects before described fall upon 
the plate P an accumulation of electrical 
energy in the condenser C will result. This 
phenomenon, I believe, is best explained as 
follows: The sun, as well as other sources of 
radiant energy, throws off minute particles of 
matter positively electrified, which,impinging 
upon the plate P, communicate continuously 
an electrical charge to the same. The op- 
posite terminal of the condenser being con- 
nected to the ground, which may be consid- 
ered as a vast reservoir of negative electricity, 
a feeble current flows continuously into the 
condenser, and inasmuch as these supposed 
particles are of an inconceivabl y small radius 
or curvature, and consequently charged to a 
relatively very high potential, this charging of 
the condenser may continue, as I have ac- 
tually observed, almost indefinitely, even to 
the point of rupturing the dielectric. If the 


device d be of such character that it will op- 
erate to close the eireuit in which it isin- 
cluded when the potential in the condenser 
has reached a certain magnitude, the accumu- 
lated charge will pass through the circuit, 
Which also ineludes the receiver R, and oper- 
ate the latter. | 

In illustration of a particular form of ap- 
paratus whieh may be used in carrying out 
my discovery I now refer to Fig. 2. In this 
figure, which in. the general arrangement of 
the elements is identical to Fig. 1, the device 
d is shown as composed of two very thin con- 
ducting-plates ¢ 7’, placed in close proximity 
and véry mobile, either by reason of extreme 
flexibility or owing to the character of their 
support. Toimprove theiraction, they should 
be inclosed in a receptacle, from which the 


air may be exhausted. The plates £ # are 


connected in series with a working circuit, 
including a suitable receiver, which in this 
case is shown as consisting of an electromag- 
net M, a movable armature a, a retractile 
spring b, and a ratehet-wheel w, provided 
with a spring-pawl r, which is pivoted to ar- 
mature a, as illustrated. When the radia- 
tions of the sun or other radiant source fall 
upon plate P, à eurrent flows into the con- 
denser, as above explained, until the poten- 
tial therein rises suffieiently to attract and 
bring into contact the two plates ¢ t, and 
thereby close the circuit connected to the two 
condenser-terminals. This permits a flow of 
current which energizes the magnet M, caus- 
ing it to draw down the armature a and im- 
part a partial rotation to the ratchet-wheel 
w. As the current ceases the armature is 
retracted by the spring b, without, however, 
moving the wheel w. With the stoppage of 
the current the plates / ¢’ cease to beattracted 
and separate, thus restoring the circuit to its 
original condition. 

Fig. 8 shows a modified form of apparatus 
used in connection with an artificial source 
of radiant energy, which in this instance may 
be an arc emitting copiously ultra-violet rays. 
A suitable reflector may be provided for соп- 
centrating and directing the radiations: A 
magnet BR and cireuit-eontroller d are ar- 
ranged as in the previous figures; but in the 
present ease the former instead of performing 
itself the whole work only serves the purpose 
of alternately opening and closing a local 
circuit, containing a source of current Band 
a receiving or translating device D. The 
controller d, if desired, may consist of two 
fixed electrodes separated by a minute air- 
gap or weak dielectrie film, which breaks 
down more or less suddenly when a definite 
difference of potential is reached at the ter- 
minals of the condenser and returns to its 
original state upon the passage of the dis- 
charge. 

Still another modification is shown in Fig. 
4, in which the source S of radiant energy is 
a special form of Roentgen tube devised by 
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me, having but one terminal k, generally of specifieally described With reference to Fig. 2 


aluminium, in theform of half a sphere, with | andalso that thespecialdetailsof construction . 


^ plain polished surface on the front side, | and arrangement of tho several parts of the 
from which. the streams are thrown off. It apparatus may be very greatly varied with- 
шау be excited by attaching itto one of the out departure from the invention. : 
terminals ofany generator of sufficiently high Having described my invention, what I 
electromotive force; but whatever apparatus | claim is— 7 | 
be used it is important that the tube be ex- 1. An apparatus for utilizing radiant en- 
hausted to a high degree, as otherwise it might ergy, Comprising in combination a condenser, 
prove entirely ineffective. Tho working or | one armature of which is subjected to the ac- 
diseharge cireuit connected to the terminals | tion of rays or radiations, independent means 
T T' of tho condenser includes in this case | for charging the other armature, a cireuit and 
the primary p of a transformer and a cireuit- apparatus therein adapted to be operated or 
controller comprising a fixed terminal or | controlled by the discharge of the condenser, 
brush / and a movable terminal in the shape | as set forth. - 


of a wheel, with conducting and insulating 2. An apparatus for utilizing radiant en- 


Segments, which may be rotated at.an arbi- ergy, comprising in combination, acondenser, 
trary speed by any suitable means, Та in- One armature of which is subjected to the ac- 
ductive relation to the primary wire or coil p | tion of rays or radiations, independent means 
is a secondary s, usnally of a much greater for charging the other armature, a local cir- 
number of turns, to the ends of which is con- | cuit connected with the condenser-terminals, 
nected a receiver R. Tho terminals of the ‘ cireuit-controller therein and means adapted 
condenser being connected, as indicated, one | to be operated or controlled by the discharge 
toan insulated plate P and the other to a | of. the condenser when the local circuit is 
grounded plate P’, when the tube Sis excited | closed, as set forth. | 

rays or streams of matter are emitted from n apparatus for utilizing radiant en- 
the same, which convey a positive charge to ergy, comprising in combination, a condenser, 
the plate P and condenser-terminal T, while one terminal of which ig subjected to the ac- 
terminal Т” ің continuously receiving nega- | tion of raysor radiations, independent means 
tive electricity from the plate P’, This, as | for charging the other armature, a local cir- 
before explained, results in an accumulation | cuit connected with the condenser-terminals, 


of electrical energy in the condenser, which | a eireuit-controller therein dependent for op- 


5068 оп as long as the cireuit including the | eration on a given rise of potential in the eon- 
primary pis Interrupted. Whenever the cir- | denser, and devices operated by the discharge 
cuit is closed owing to the rotation of the | of the condenser when the local circuit is 
terminal Z, the stored energy is discharged closed, as set forth. | 
through the primary p, this giving rise in the Àn apparatus for utilizing radiant en- 
secondary s to induced currents, whieh oper- |: ergy, comprising in combination, a condenser, 
ate the receiver R. one terminal of which 18 subjected to the ac- 

It is clear from what has been stated aboye tion of rays or radiations, and the other of 
that if the terminal T" is connected to a plate | which is connected with the ground, a circuit 
supplying positive. instead of negative elec- l and apparatus therein adapted to be operated 
tricity the rays should convey negative elec- by the discharge of the accumulated energy 
tricity to plate P, The source S may be any | in the condenser, às set forth, - | 
form of Roentgen or Lenard tube; -but it is 5. An apparatus for utilizing radiant en- 
ergy, comprising in combination;a condenser, 
one terminal of which 18 subjected to tlie ac- 
tion of rays or radiations and the other of 
which is connected with the ground, a local 
circuit connected with the condenser-termi- 
nals, a cireuit-controller therein and means 
adapted to be operated by the discharge of 
the condenser when the local circuit is closed, 
as set forth. | | 

6. An apparatus for utilizing radiant en- 
ergy, comprising in combination,a condenser, 
one terminal of which is subjeeted to the ac- 
tion of rays or radiations and the other of 
which is connected with the ground, a local 
circuit connected with the condenser-termi- 
nals, a circuit-controller therein adapted to 
be operated by a given rise of potential in the 
condenser, and devices operated by the dis- 
charge of the condenser when the local circuit 
is closed, as seb forth. | 

7. Ап apparatus for. utilizing radiant en- 



















order to be very effective the electrical im- 
pulses exciting it should be wholly or at least 
preponderatingly of one sign. If ordinary 
symmetrical alternating currents are em- 
ployed, provision should be made for allow- 
ing the rays to fall upon.the plate P only 
during those periods when they are producí£-. 
ive of the desired result. Evidently if the 
radiations of the source be stopped or inter- 
cepted or their intensity varied in any man- 
ner,as by periodically interru ptingorrythmio- 
ally varying the current exciting the source, 
there will be corresponding changes in the. 


predetermined amount of energy is stored in 
thecondenser may be used in lieu of the device 
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ergy, comprising a condenser, having one ter- adapted to be operated by a given rise of po- 
minal connected to earth and the other to an tential in the condenser, as set forth. 


elevated conducting-plate, which is adapted 
to receive the rays from a distant source of 
radiant energy, a local circuit connected with 
the condenser-terminals, a receiver therein, 
and a cireuit - controller therefor which is 
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To alt whom it may concern: 

Beit known that I, NIKOLA TESLA, acitizen 
of the United States, residing at the borough 
of Manhattan, in the city, county, and State 
of New York, have invented certain new and 
useful Improvements in Methods of Utilizing 
Radiant Energy, of which the following is a 


. Specification, reference being had tothe draw- 


то 


ings accompanying aud forming a part of the 
same. 

It is well known that certain radiations— 
such as those of ultra-violet light, cathodic, 


- Roentgen rays, or the like~possess the prop- 
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erty of charging and discharging conductors 
of electricity, the discharge being partieu- 
larly noticeable when the conductor проп 
which the rays impinge is negatively electri- 
fied. These radiations are generally consid- 
ered to be ether vibrations of extremely small 
wave lengths, and in explanation of the phe- 
nomena noted it has been assumed by some 
authorities that they ionize or render con- 
ducting the atmosphere through which they 
are propagated. My own experiments and 
observations, however, lead me to conclu- 
sions more in accord with the theory hereto- 
fore advanced by me that sources of such 
radiant energy throw off with great velocity 
minute particles of matter which are strongly 
electrified, and therefore capable of charging 
an electrical conductor, or even if not so may 
at any rate discharge an electrified conduc- 
tor either by carrying off bodily its charge or 
otherwise. : 

. My present application is based upon a dis- 


-covery which I have made that when rays or 


radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con- 
denser, while the other terminal of the same 
is made by independent means to receive or 
to carry away electricity, a current flows into 
the condenser so long as the insulated body 
is exposed to the rays, and under the condi- 
tions hereinafter specified an indefinite ac- 
cumulation of electrical energy in the con- 
denser takes place. This energy after a suit- 
able time interval, during which the rays are 
allowed to act, may manifest itself in a pow- 
erful discharge, which may be utilized for 
the operation or control of mechanical or elec- 


' а. =. ñ z > 


< 
trieal devices or rendered useful in many 
other ways. 7 > ` 

In applying my discovery I provide a con- 
denser, preferably of considerable electro- 
static capacity, and, connect one of its ter- 
minals to an insulated metal plate or other 
conducting body exposed to the rays or 
streams ofradiant matter. It is very impor- 
tant, particularly in view of the fact that elec- 
trical energy is generally supplied ata very 
slow rate to the condenser, to construct ‘the 
same with the greatest care. I use by prefer- 
ence the best quality of micaas dielectric, tak- 
ing every possible precaution in insulating 
the armatures, so that the instrament may 
withstand great electrical pressures without 
leaking and may leave no perceptible electri- 
fication when discharging instantaneously. 
In practice I have found that the best results 
are obtained with condensers treated in the 
manner described in a patent granted to me 
February 23, 1897, No. 577,671. Obviously the 
above precautions should be the more rigor- 
ously observed the slower the rate of charg- 
ing and the smaller the time interval during 
which the energy is allowed to accumulate in 
the condenser. The insulated plate or con- 
ducting body should present as large a sur- 
face as practicable to the rays or streams of 
matter, I having ascertained that the amount 
of energy conveyed to it per unit of time is 


53 


о 


о 


с 


5. 


=з 


5 


со 


o 


under otherwise identical conditions propor- : 


tionate to the areaexposed,ornearlyso. Far- 
thermore, the surface should be clean and 
preferably highly polished or amalgamated. 
The second terminal or Armature of the con- 
denser may be connected to one of the poles 
of a battery or othe source of electricity or 
toany conducting body or object whatever of 


-Such properties or so conditioned that by its 


means electricity of the required sign will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity to 
the terminal is to connect the same either to’ 
an insulated conductor, supported at some 

height in the atmosphere, or to a grounded 

conductor, the former, as is well known, fur- 
nishing positive and the latter negative elee- 
tricity. As the rays or supposed streams of 
matter generally convey a positive charge to 

the first condenser-terminal, which is connect- 
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ed to the plate or conductor above mentioned, 
I usually connect the second terminal of the 
condenser to the ground, this being the most 
convenient way of obtaining negative electric- 
ity, dispensing with the necessity of provid- 
ing an artificial source. In order to utilize 
for any useful purpose the energy accumu- 
lated in the condenser, I furthermore connect 
to the terminals of the same a circuit includ- 
ing an instrument or apparatus which it is de- 
sired to operate and another instrument or 
device for alternately closing and opening the 
circuit. This latter may be any form of cir- 


cuit-controller, with fixed or movable parts’ 


or electrodes, which may be actuated either 
by thestored energy or by independent means. 

The rays or radiations which are to be util- 
ized for the operation of the apparatus above 
described in general terms may be derived 
from a natural source, as the sun, or may be 
artificially produced by sueh means, for ex- 
ample, as an are-lamp, a Roentgen tube, and 
the like, and they may be employed for aà 
great variety of useful purposes. 

My discovery will be more fully. understood 
‘from the following detailed description and 
annexed drawings, to which reference is now 
made, and in which— 

Figure 1 isadiagram showing typical forms 
of the devices or elements as arranged and 
connected in applying the method for the op- 
eration of a mechanical contrivance or instru- 
ment solely by the energy stored; and Fig. 2 
is a diagrammatical representation of a modi- 
fied arrangement suitable for special pur- 
poses, with a circuit-controller actuated by 
independent means. 

-Referring to Fig. 1, C is the condenser, P 
theinsulated plate or conducting body,which 
is.exposed to the rays, and P’ another plate or 
conductor, all being joined inseries,as shown. 
The terminals T T’ of the condenser are also 
connected to a circuit including a receiver R, 
which is to be operated, and a cireuit-control- 
45 ling device d, which in this case is.composed 

~ of two very thin condueting-plates? /', placed 
in close proximity and very mobile, either by 
reason of extreme flexibility or owing to the 
charater of their support. To improve their 
aetion, they should be inelosed in.a receptacle 
from which the air may be exhausted. The 
receiver R is shown as consisting of an elec- 
tromagnet M, a movable armature d, & re- 
tractile spring b, and a ratchet-wheel 10, pro- 
vided with a spring-pawl 7, which is pivoted 


to armature a, as illustrated. The apparatus: 


being arranged as shown, it will be found that 
"when the radiations of the sun orofany other 
source eapable of producing the effects before 
described fall upon the plate P an accumula- 
tion-of electrical energy in the condenser C 
will result. This phenomenon, I believe, is 
best explained asfollows: Thesun as well as 
other sources of radiant energy throw off mi- 
nute particles of matter positively electrified, 
which, impinging upon the plate P, commu- 
nicate an electrical charge tothe same. The 
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opposite terminal of the condenser being con- 
nected to the ground, which may be consid- 
ered as a vast reservoir of negative electricity, 
a feeble current flows continuously into the 
condenser, and inasmuch as these supposed 
particles are of an inconceivably small radius 
or curvature, and consequently charged toa. 
relatively very high potential, this charging 
of the condenser may continue, as I have 
found in practice, almost indefinitely, even to 
the point of rupturing the dielectric. Obrvi- 
ously whatever cireuit - controller be em- 
ployed it should operate to close the circuit 
in which it is included when the potential in 
the condenser has rgached the desired magni- f 
tude. Thusin Fig @yrhen the electrical pres- 
sure at the terminis 'T' T' rises to a certain 
predetermined value the plates tt, attract- 
ing each other, close the circuit connected to 
the terminals. This permits a flow of current 
which energizes the magnet M, causing it to 
draw down the armature a and impart a par- 
tial rotation to the ratchet-wheel w. As the 
current ceases the armature is retracted by 
the spring b without, however, moving the 
wheel w. With the stoppage of the current 


‘the plates ¢ 7’ cease to be attracted and sepa- 


rate, thus restoring the circuit to its original 
condition. 

Many useful applications of this method of 
utilizing the radiations emanating from the 
sun or other source and many ways of carry- 
ing out the same will at once suggest them- 
selves from the above description. By way 


.of illustration a modified arrangement is + 
shown in.Fig. 2, in which the source S of ra- -.: 


diant energy is a special form of Roentgen 
tube devised by me having but one terminal 
k, generally of aluminium, in the form of 
half a sphere with a plain polished surface 
on the front side, from which the streams are 


‘thrown off. It may be excited by attaching 


it to one of the terminals of any generator of. 
sufficiently-high electromotive- force; but 
whatever apparatus be used it is important 
that the tube- be exhausted to a high degree, 
as otherwise it might prove entirely ineffect- 
ive. The working or discharge circuit con- 
nected to the terminals T T’ of the condenser 


-includes in this case the primary p of a trans- 


former and a circuit-controller comprising a 
fixed terminal or brush ¢ and.a movable ter- 
minal /' in theshape of a wheel with conduet- 
ing and insulating segments which may be 
rotated at an arbitrary speed by any suitable 
means. In inductive relation to the primary 


wire or coil p is à secondary s, usually of a 


much greater number of turns; to the ends of 
which is-connected a receiver R. The ter- 
minals of the condenser being connected as 
indicated, one to an insulated plate P and 
the other to a grounded plate P', when the 
tube S is excited rays or streams of matter 
are emitted from the same, which convey a 
positive charge to the plate P and condenser- 
terminal T, while terminal T” is continuously ` 
receiving negative electricity from the plate 
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| PL. This, as before explained, results in an 
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"tive of the desired result. 
radiations of the source be stopped or inter- 
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accumulation óf electrical energy in the con- 
denser, which goes on as long-as the circuit 
ineluding the primary p is intérrupted. 
Whenever the circuit is closed, owing to the 
rotation of the terminal 2, the stored energy 
is discharged through the primary p, this giv- 
ing rise in the secondary s to induced cur- 
rents which operate the receiver R. . - 

It is clear from what has been stated above 
that if the terminal T" is connected toa plate 
supplying positive instead of negative elec- 
tricity the rays should convey negative elec- 
tricity to plate P. The source S may be any 
form of Roentgen or Lenard tube; but it is 
obvious from the theory of action that in or- 
der to be very effective the electrical im- 
pulses exciting it should be wholly or at least 
preponderatingly of one sign. If ordinary 
symmetrical alternating currents are em- 
ployed, provision should be made for allow- 
ing the -rays to fall upon the plate P. only 
during those periods when they are produe- 
Evidently if the 


cepted or their intensity varied in any man- 
ner, a8 by periodically interrupting or ryth- 


 mieally varying the current exciting the 
. Source, there will be corresponding changes 


39 


in the action upon the. receiver R, and thus 


- Signals may be transmitted and many other 
" usefuleffects produced.  Furthermore,it will 


. 35 


be understood that any form of circuit-closer 
whieh will respond to or be set in operation 
when a predetermined amount of energy is 
stored in the condenser may be used in lieu 
of the device specifically described with ref- 
erence to Fig. 1, and also that the special 


* details of construction and arrangement of 
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the several parts of the apparatus may be 
very greatly varied without departure from 
the invention. б 
Having deseribed my invention, what I 
elaim is— . - 722. 
1. The method of utilizing radiant energy, 
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which consists in charging one of the arma- 
tures of a condenser by raysor radiations, and 
the other armature by independent-means, 
and discharging the condenser through a suit- 
able receiver, as set forth. — . 

2. The method of utilizing radiant energy, 
which consists in simultaneously charging 
a condenser by means of rays or radiations 


| and an independent source of electrical en- 


ergy, and discharging the condenser through 
a suitable receiver, as set forth. 

3. The method of utilizing radiant energy, 
which consists in charging one of the arma- 
tures of a condénser by rays or radiations, and 
the other by independent means, controlling 
the action or effect of said rays or radiations 
and diseharging the condenser through a suit- 
able receiver, as set forth. . 

4, The method of. utilizing radiant energy, 
which consists in charging one of the arma- 
tures of a condenser by rays or radiations and 


685,058 | а 


с 


the other by independent means, varying the . 


intensity of the said rays or radiations and pe- 
riodically discharging the condenser through 
a suitable receiver, as set forth. 

5. The method of utilizing radiant energy, 


which consists in directing upon an elevated. 


70 


conductor, connected to one of the armatures © 


of a condense”, rays or radiations capable of 
positively electrifying the same, carrying off 
electricity from the other armature by con- 
necting the same" with the ground, and dis- 


-charging the accumulated energy through a 


suitable receiver, as set forth. 
6. The method of utilizing radiant energy, 
which consists in charging one of the arma- 


tures of a condenser by raysor radiations,and ` 


the other by independent means, and effect- 
ing by the automatic discharge of the accumu- 
lated energy the operation or control of a 
suitable receiver, as set forth. 
. ` NIKOLA TESLA. 
Witnesses: ' . 


M. LAWSON DYER, | ` 
RICHARD DONOVAN. . 
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UNITED STATES 


NIKOLA TESLA, OF 


METHOD OF 


PATENT OFFICE. 


NEW YORK, N. Y. 


SIGNALING. 


SPECIFICATION forming part of Letters Patent No. 723,188, dated March 17, 1903. 


Original application filed July 16, 1900, Serial No, 23,847, 


No. 64,522, 


То all whom it may concern: 


Be it known that I, NIKOLA TESLA, a citi- 


‚жөп ОЁ the United States, residing in the bor- | 


ough of Manhattan, in the eity, county, aud 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Signaling, of which the following is a speci- 
fieation, reference being had to thedrawings 
accompanying and forming a part of the 
same. 

In certain systems for transmitting intelli- 
gible messages or governing the movements 
and operations of distant automata electrical 
impulses or disturbances produced by suit- 
able apparatus are conveyed through the nat- 
ural media to a receiving-cireuit capable of 
responding to the impulses, and thereby ef- 
fecting the control of other appliances. Gen- 
erally a special device, highly sensitive, is 
connected to the receiving-cireuit, which in 
order to render it still more susceptible and 
to reduce the liability of its being affected 
by extraneous disturbances is carefully ad- 
justed so as to be in tune with the transmit- 
ter. Dy a scientific design of the sending 
and receiving circuits and other apparatus 
and skilful adjustment of the same these 
objects may be in a measure attained; but 
in long experience I have found that not- 
withstanding all constructive advantages and. 
experimental resources this method is in 
many cases inadequate. Thus while I have 
succeeded in so operating selectively under 
certain favorable conditions more than one 
hundred receivers in most cases it is prac- 
ticable to work successfully but a few, the 
number rapidly diminishing as, either owing 
to great distance or other causes, the energy 
available in the tuned circuits becomes 
smaller and the receivers necessarily more 
delicate. Evidently a circuit however well 
constructed and adjusted to respond exelu- 
sively to vibrations of one period is apt to! 
be affected by higher harmonies and still | 
more so by lower ones. When the oscilla- 
tions are of a very high frequency, the num- 


: ber of the effective harmonics may be large 


50 


and the receiver consequently easily dis- 
turbed by extraneous influences to such an 
extent that when very short waves, such as 


Divided and this application filed June 14,1901. Serial 
(No model.) : 


are used little advantage in this respect is to 
be derived from tuning the circuits. It be- 
ing an imperative requirement in most prac- 
tical applications of such systems of signal- 
iug or intelligence transmission that the sig- 
nals or messages should be exclusive or pri- 
vate, it is highly desirable to do away with 
the above limitations, especially in view of 
the fact which I have observed that the in- 
fluence of powerful electrical disturbances 
upon sensitive receivers extends even on 
land to distances of many hundreds of miles, 
and consequently, in accordance with theory, 
still farther on sea. To overcome these draw- 
backs and to enable a great number of trans- 
initting and receiving stations to be operated 
selectively and exclusively and without any 
danger of the signals or messages being dis- 
turbed, intercepted, or interfered with in any 
way is the object of my present invention.. 
Broadly stated, this invention eonsists in 
generating two or more kinds or elasses of 
disturbances or impulses of distinetive char- 
acter with respect to their effect upon a re- 
ceiving-cireuit and operating thereby a dis- 
tant receiver which comprises two or more 


-cireuits, each of which is tuned to respond 


exclusively to the disturbances or impulses 


.of one kind or class and so arranged that the 


operation of the receiver is dependent upon 
their conjoint or resultant action. 

By employing only two kinds of disturb- 
ances or series of impulses instead of one, as 
has heretofore been done, to operate a re- 
ceiver of this kind I have found that safety 
against the disturbing influences of other 
sources is increased to such an extent that I 
believe this number to be amply sufficient in 
most cases for rendering the exchange of sig- 
nals or messages reliable and exclusive; but 
in exceptional instances a greater number 
may be used and a degree of safety against 
mutual and extraneous interference attained, 
such as is comparable to that afforded by a 
combination-lock. The liability of a receiver 
being affected by disturbances emanating 
from other sources, as well as that of the sig- 
nals or messages being received by instru- 
ments for which they are not intended, may, 
however, be reduced not only by an increased 
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То all whom it may concern: 


Be it known that I, NIKOLA TESLA, a citi- 


‚жөп ОЁ the United States, residing in the bor- | 


ough of Manhattan, in the eity, county, aud 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Signaling, of which the following is a speci- 
fieation, reference being had to thedrawings 
accompanying and forming a part of the 
same. 

In certain systems for transmitting intelli- 
gible messages or governing the movements 
and operations of distant automata electrical 
impulses or disturbances produced by suit- 
able apparatus are conveyed through the nat- 
ural media to a receiving-cireuit capable of 
responding to the impulses, and thereby ef- 
fecting the control of other appliances. Gen- 
erally a special device, highly sensitive, is 
connected to the receiving-cireuit, which in 
order to render it still more susceptible and 
to reduce the liability of its being affected 
by extraneous disturbances is carefully ad- 
justed so as to be in tune with the transmit- 
ter. Dy a scientific design of the sending 
and receiving circuits and other apparatus 
and skilful adjustment of the same these 
objects may be in a measure attained; but 
in long experience I have found that not- 
withstanding all constructive advantages and. 
experimental resources this method is in 
many cases inadequate. Thus while I have 
succeeded in so operating selectively under 
certain favorable conditions more than one 
hundred receivers in most cases it is prac- 
ticable to work successfully but a few, the 
number rapidly diminishing as, either owing 
to great distance or other causes, the energy 
available in the tuned circuits becomes 
smaller and the receivers necessarily more 
delicate. Evidently a circuit however well 
constructed and adjusted to respond exelu- 
sively to vibrations of one period is apt to! 
be affected by higher harmonies and still | 
more so by lower ones. When the oscilla- 
tions are of a very high frequency, the num- 


: ber of the effective harmonics may be large 
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and the receiver consequently easily dis- 
turbed by extraneous influences to such an 
extent that when very short waves, such as 


Divided and this application filed June 14,1901. Serial 
(No model.) : 


are used little advantage in this respect is to 
be derived from tuning the circuits. It be- 
ing an imperative requirement in most prac- 
tical applications of such systems of signal- 
iug or intelligence transmission that the sig- 
nals or messages should be exclusive or pri- 
vate, it is highly desirable to do away with 
the above limitations, especially in view of 
the fact which I have observed that the in- 
fluence of powerful electrical disturbances 
upon sensitive receivers extends even on 
land to distances of many hundreds of miles, 
and consequently, in accordance with theory, 
still farther on sea. To overcome these draw- 
backs and to enable a great number of trans- 
initting and receiving stations to be operated 
selectively and exclusively and without any 
danger of the signals or messages being dis- 
turbed, intercepted, or interfered with in any 
way is the object of my present invention.. 
Broadly stated, this invention eonsists in 
generating two or more kinds or elasses of 
disturbances or impulses of distinetive char- 
acter with respect to their effect upon a re- 
ceiving-cireuit and operating thereby a dis- 
tant receiver which comprises two or more 


-cireuits, each of which is tuned to respond 


exclusively to the disturbances or impulses 


.of one kind or class and so arranged that the 


operation of the receiver is dependent upon 
their conjoint or resultant action. 

By employing only two kinds of disturb- 
ances or series of impulses instead of one, as 
has heretofore been done, to operate a re- 
ceiver of this kind I have found that safety 
against the disturbing influences of other 
sources is increased to such an extent that I 
believe this number to be amply sufficient in 
most cases for rendering the exchange of sig- 
nals or messages reliable and exclusive; but 
in exceptional instances a greater number 
may be used and a degree of safety against 
mutual and extraneous interference attained, 
such as is comparable to that afforded by a 
combination-lock. The liability of a receiver 
being affected by disturbances emanating 
from other sources, as well as that of the sig- 
nals or messages being received by instru- 
ments for which they are not intended, may, 
however, be reduced not only by an increased 
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Beit. known that I, NTKOLA TESLA, a citi- 
zen of the United States, residing in-the bor- 
ough of Manhattan, in the city, county, and 
State of New York, have invented certain new 
aud useful Improvements in Systems of Sig- 
naling, of which the following is.a specifica- 
tion, reference being had to the drawings ac- 
companying and forming.a part of the same. 

Iu certain systems for transmitting intelli- 
gible messages or governing the movements 
and operations of distant automata electrical 
impulses or disturbances produced. by suit- 
able apparatus are conveyed.through the nat- 
ural media to a distant receiving-circuit ca- 


pable of responding to the impulses, . and | 


thereby.effecting the. control of. other appli- 
ances. Generally a special- device highly 
sensitive is connected; to the receiving-cir- 
cuit, which in order to render. it still more 
susceptible and to reduce the liability of its 
being affected by extraneous disturbances 18 


- carefully adjusted. so. as to be in tune with 


25 


the transmitter... By a scientific design of the 
sending and receiving circuits and other ap- 


. paratus and skilful adjustment of the same 


39 


these objects may be in a measure attained; 


from tuning the circuits. It being an im- 
perative requirement.in most practical ap- 
plications of such systems of signaling:or in- 
telligenee transmission that the signals or 
messages should be exclusive or private, itis 
highly desirable to do away with the above 
limitations, especially in view of the fact, 
which I have observed, that the influence of 
powerful electrical disturbances upon sensi- 


55 E 


60 


tive receivers éxtends, even on land, to dis- . 


tances of ‘many hundreds of miles, and con- 
sequently in accordance with. theory still 
fartheronsea. To overcome these drawbacks 
and to enable a great number of transmitting 
and receiving stations to be operated select- 


ively and exclusively and without any dan- 


gerof thesignalsor messages being disturbed, 


intercepted, or interfered with in an 


Broadly stated, this invention consists іп. 


but in long experience I have found that not- 


withstanding all constructiveadvantages and 
experimental... resources” 
many cases inadequate. Thus while I have 


. sueeeeded ‘in so.operating selectively. under 
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certain favorable conditions more than one 
hundred receivers in most cases it is practi- 
eable to work suecessfully but a few, the 


this: method. is: in. 


number rapidly diminishing as, either owing ` 


to great distance or other causes, the energy 
available: in the tuned circuits becomes 
smaller and thereceivers necessarily moredeli- 
eate... .Evidently a eireuit however well con- 
strueted-and adjusted to respond exclusively 
io vibrations of one period is apt to be affeet- 


‘cient in most. cases for rendering the ех-. 


"ed by.higher harmonies and still more $0 by: 


45 


50 





lower ones. C 
very high frequency, the number of the ef- 


- fective harmonics may be large; and the re- 
ceiver consequently easily disturbed by ex- 
traneous influences to such an extent that 
when very short-waves, such as. those pro- 
duced by Hertzian spark apparatus, are used 

‘little advantage in this. respect. is derived 


When. the oscillations are of a: 


er y way is 
the object of my: present invention. | : 


‘the combination of. means for generating and 


transmitting two or more; kinds or:elasses of 
disturbances or impulses of distinctive char- 
aeter with respect to their effect upon'a re- 
ceiving-eireuit and a distant receiver which 


comprises two. or more Circuits of different 
electrical character or severally tuned, so as 


to. be responsive to the Gifferent kinds or 
classes of impulses and which is dependent 


‘for operation upon the conjoint or resultànt 
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action of the two or more cireuits.or the sev- - 


eral instrumentalities controlled or operated 


thereby. By employing only two kinds of. 
‘disturbances or series. of impulses instead of 


one; as has heretofore been done. to:operate 
à receiver of this kind, I have found that 


safety against. the disturbing influences of. 


other ‘sources is increased to such an extent 
that I believe this number to be amply suffi- 


9o 


change of signals.or messages reliable and ` 


exelusive; but in exceptional instances a 
greater number may be used and a degree of 


'safety against mutual and extraneous inter- 


ference attained, such as is comparable. to 


that afforded by a..combination-lock. ` The 


liability of a receiver being affected by dis- 
turbaneces emanating from: other sources, as 
well as that of the signals or messages being 
received by instruments for which they are 
not intended, may, however, be reduced not 
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only by an increased number of the coópera- 
tive disturbances or. series of impulses, bat 
also by a judicious choice of the same and 
the order in which they are made to act upon 
the receiver. 

Evidently there are a great many ways of 
generating impulses: or disturbances of any 
wave length, wave form, number or order of 
succession, or of any special character such 
as will. be capable of fulfilling the require- 
ments above stated, and there are also many 
ways in-which such impulses or disturbances 
may be made to codperate and to cause the 
receiver to be actuated, and inasmuch as the 
skill and practical knowledge i in these novel 
fields can only be acquired by long expe- 
rience the degree of safety and perfection at- 
tained will necessarily depend u ponthe ability 
and resource of the expert who applies my 
invention; but in order to enable the same to 
be successfully practiced by any person pos- 
sessed only of the more general knowledge and 
experience in these branches I shall describe 
the simplest plan of carrying it out which is 
at present known to me. 

For a better understanding of the subject 
reference is now made to the accompanying 
drawings, in which— 

Figures 1 and2 represent diagram matically 
the apparatus and circuit connections em- 
ployed at the sending and receiving stations, 
respectively; and Figs. 3, 4, and 5 modified 
means which may be employed in the prae- 
tical application of the invention. 

In Fig. 1, S and S? are two spirally-wound 
coils or “conductors connected with their in- 
ner ends to elevated terminals D’ and D?, re- 
spectively, and with their outer ends to an 
earth-plate E.. These two coils, conductors, 
or systems D' S'Ecand D? S? E have different 
and suitably-chosen periods of vibration, and, 
as pointed out in other patents relating to my 
system of energy and intelligenee transmis- 
sion, their lengths should be sueh that the 
points. of maximum pressure developed there- 
in coincide with the elevated terminals р’ р, 
The two systems may have eleetrieal oscilla- 
tions impressed upon them in any desired 
manner, conveniently by energizing them 
through primaries P’ and P?, placed in prox- 
imity to them. Adjustable inductances‘ L’ 
and I? are preferably included: in the pri- 
mary circuits chiefly for the purpose of regu- 
lating the rates of the primary oscillations. 
In the drawings these primaries P'.and P? 
surround the coils S' S? and are joined in se- 
ries through the inductanees L’ L?, conductor 
F, condensers C’ and C*, brush - holders В' 
aud B^, and a toothed disk D, which is con- 
nected to the conductor F and, if desired, 


also to the ground-plate E, as shown, two inde- 
pendent primary circuits being thus formed. 
‘The condensers C' and C* are of such capac- 
ity and the inductances L’ and L? are so ad- 
justed that each primary is in close resonance 
with its secondary system, as I have explained 


"in other patents granted to me. 
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The brush- 
holders B' and B? are capable independently 
of angular and, if necessary, also of lateral 
adjustment, so that any desired order of suc- 
cession or any difference of time interval be- 
tween the discharges occurring in. the two 
primary circuits may be obtained. The con- 
densers being energized from asuitable source 
8, preferably of high potential, and the disk 
D being rotated, ‘its projections or teeth p p, 
coming ab periodieally- recurring intervals in 
very. close proximity to or, as the case may 
be, in contact with conductin g rods or brushes 
т п, cause the condensers to be discharged 
in rapid succession through their respective 
circuits. In this matter the two secondary 
systems D' S' E and D? S? E are set. in vibra- 
tion and oscillate freely, each at its proper 
rate, for a certain period of time at every dis- 
charge. The two vibrations are impressed 
upon the ground through the plate E and 
spread to a distance reaching the receiving- 
station, which has two similar.circuits or sys- 
tems e-s' d' and e s* d? arranged and: con- 
nected in the same manner and tuned to the 


‘systems at the sending-station, so that each 


responds exclusively to one of the two vibra- 
tions produced by the transmitting apparatus. 
The same rules of ‘adjustment.are observed 
with respect to the receiving-circuits, care be- 
ing, furthermore, taken that the tuning is ef- 
fected when all the apparatus is connected 
to the circuits and placed in position, as any. 
change may more or less modify the vibration. 
Each. of the receiving-coils s’ and s* isshunt- 
ed .by.a local cireuit containing, respectively, 
sensitive devices а a, batteries b’ b?, adjust- 
able resistances r D, and Sensitive relays R' 
R?, all joined in series, as shown. The рге- 
cise connections and arrangements of the va- 
rious reċeiving instruments are largely im- 
material and may be varied in many ways. 
The sensitive devices a". a? may be any of 
the well-known devices of. this kind—as, for 
example, two conducting-terminals separated 
by a minute air-gap or a thin film of dielec- 
tric which is strained or weakened by a:bat- 
бегу ог other means to the point of breaking 
down and gives way to the slightest dis- 
turbing influence. Its return to the normal 
sensitive state may be secured by momenta- 
rily. interrupting the battery - circuit after 
each operation or otherwise.. The relays R’ 
R? have armatures /' /?, which are connected 
by a wire w and when attracted establish 
electrical contacts at c' and c?, thus closing 
a circuit: containing a battery bš. an adjust- 
able resistance 7?, and a relay R*. 

From. the above description it will be read- 


ily seen that the relay R? will. be operated. 


only when both contacts c’.and c* are closed. 

The apparatus at the sending-station may 
be controlled in any suitable manner—as, for 
instance, by momentarily closing the circuit 
of the source S, two different electric vibra- 
tions being emitted ‘simultaneously or in 
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rapid succession, as maybe desired, at each 


t5 


| 20 


closure of the circuit. The two receiving-cir- 


“cuits at the distant station, each tuned to re- 


spond to the vibrations Produced by one of 
the elements of the transmitter, affect the 
sensitive devices a’ and a? and. cause the re- 
lays R' and R? to be operated and contacts c' 
and c*to be closed, thus actuating the re- 


ceiver or relay R5, which in turn establishes 
. à eontaet c? and brings into action a device 


à? by means of a battery d*, included in a 10- 
ealeireuit, asshown; butevidently if through 


any extraneous disturbance only one of the 
circuits at the receiving-station is affected 


the relay Rê will fail to respond. In this way 
communication may be carried on with 


greatly- “increased safety against interference 
and privacy of the messages may be secured, 


The receiving-station (shown in Fig. 2) is 
supposed to be oné requiring no return mes- 


. sage; butif the use of the system 18 such that 
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5"! gsueh diseharges. 
40 


this i is necessary then the two stations. will 


be similarly: equipped and any well-known 
means, which it is not thought necessary to 
illustrate here, may be resorted to for ena- 
bling the apparatus at each station to be used 
in turn as transmitter and receiver. In like 
manner the operation.of a receiver, as R$, 
may be made dependent, instead of upon two, 
upon more than two such transmitting sys- 
tems or circuits, and thus any desired degree 
of exclusiveness or privacy and safety against 
extraneous disturbances: may be . attained. 
The apparatus as illustrated in Figs. 1 and 
2 permits, however, special results to be 
secured by the adjustment of the order of 
succession of the discharge of the primary cir- 
cuits P’ and P’ or of the time interval between 
Toillustrate, the action of 
the relays R/ R? may be regulatéd either by 
adjusting the weights of the levers | P, or 


. the strength of the batteries 0’ 6*, or the re- 
_ sistances 7’ r*, or in other well- known ways, 
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so that when a certain order of succession or 
timeinterval betweenthe discharges of the pri- 


mary circuits P’ and P? exists at ‘the sending- 


station the levers У and‘? will close the con- 
tacts c’ and‘c? at the same instant, and thus 


27" operate the relay R?; but it will fail to pro- 
50 


dueé this result when the order of succession 
of or the time interval between the discharges 
in the primary circuits is ‘another one. By 
these ór similar means additional ` safety 
against disturbances from other sources may 
be attained and, on the other hand, the pos- 
sibility afforded of effecting the operation of 


signaling by varying the order of succession: 


of the discharges of the two circuits. In- 


` stead of closing and opening the circuit of 


60 


tlie souree 8, as before indicated, for the pur- 
pose of sending distinet signals it may’ be 
convenient to merely alter the period of either 


of the transmitting- circuits ar bitrarily, asby 


65 


varying the inductance of the primaries. 


Obviously there is no necessity for using: 


transmitters with two or more distinet ele- 
ments or eireuits, as S' and. S?, since a suc- 


cession of wavesorimpulses of differént ehar- 
&eteristies may be produced by an “instru- 
ment having but one such cireuit.: A few of 
the many ways which will "readily: suggest 


. themselves to the expert who applies my in- 


vention are illustrated’ in Figs. 3, 4, and 5. 


In Fig. 8a transmitting systein e s? dis partly 
| shunted by arotating wheel or disk D?, which 


may be similar to that illustrated in Fig. 1 
amd which euts out periodically à portion of 


‘the coil or conductor s? or, if desired, bridges 


it by an adjustable condenser e thus alter- 
ing the vibration of the system & e Œ at suit- 
able intervals and causing two distinct kinds 


70 


75 


8o 


or classes of impulses-to be ‘emitted in rapid ` 


succession by thesender. In Fig: 4a similar 
result is produced in the system e st dt by 
periodieally short-eireuiting; through an in- 
duction-coil L? and a rotating disk D* with 


85 


insulating and condacting segments, acir- 


‘euit ýt in’ inductive relation to said system. 


Again, in Fig. 5 three distinct vibrations ате 
caused to-be emitted. by a system e s? d^, this 


.result beihg prodüced'by inserting periodio- 


ally a suitable number of turns of an indac- 


tion-eoil L? in series with the oscillating sys- 


tem by means of a rotating disk B® with: two 
projeetions p? p? and three ‘rods or brushes 55, 
placed at'an angle of one hundred and twenty 
degrees relatively’ to each’ other. The three 


99. 


95 


transmitting systems or circuits thus pro- 


‘duced may be energized і in the same manner 


as those of Fig. 1 or in any other convenient 
way. Corresponding to each of these casés 
the ‘receiving-station may be provided with 
two or three “circuits in an analogous manner 
to that illustrated in Fig. 2, it being. under- 
stood, of course, that the different vibrations 


‚ог disturbances: emitted by the sender follow 


in such rapid succession upon each otherthat 
they are practically simultaneous, so far as 


"the opération of sueh relàys as R/ and R? is 
| concerned. Evidently, however, itis not nec- 


essary to employ two or more receiving-cir- 
cuits; but a single circuit may be used also 
at the receiving-station constructed and ar- 
ranged like the transmitting: circuits or sys- 
tems illustrated in Figs. 3,4, and 5,in which 


case the corresponding disks, as D? Dt DS$rat.- 


the sending will be driven in synehronism 


with those at the receiving stations. as far as 


may be necessary to secure the desired result; 
but whatever the nature of the specific’ de- 
vices employed it will be seen that the funda- 
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mental idea in my invention is the operation ; 


of a receiver by the conjoint or resultant ef- 
fect of two or more circuits each tuned to re- 
spond exclusively to waves, impulses, or vi- 
brations of a certain kind or’ class’ produced 


T 


either simultaneously or Suecéssively: Әу а: 


suitable transmitter. 


It will be:seen from a consideration of the. 


nature of the method hereinbefore descr ibed 
that the invention is applicable поб only in 


135 


the special inanner deseribed, in which the ' 


transmission of the “impulses is ‘effected 


through natural media, but for the transmis- 
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sion of energy for any purpose and whatever 
the medium. through which the impulses are 
conveyed. ` 

What I claim is— 

1. Ina system for the transmission of elec- 
trical energy, the combination with means for 
producing two or more distinctive kinds of 
disturbances or impulses, of receiving- cir- 
cuits, each tuned to respond to the waves or 
impulses of one kind only, and a receiving de- 
vice dependent for operation upon the con- 
joint action of the several receiving-circuits, 
as set forth. 

9. In a system for the transmission of elec- 
trical impulses and the operation or control, 
of signaling or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi- 
tive receiving-circuits, each tuned to respond 
to the impulses or disturbances of one kind 
or class only, and a receiving device depend- 
ent for operation upon the conjoint action of 
the sensitive circuits, as set forth. 

8. In a system for the transmission of elec- 
trical impulses, and the operation or control 
of signaling, or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi- 
tive circuits at the receiving point or station, 
each tuned to respond to the impulses or dis- 
turbances of one kind or class only, a local 
circuit arranged to be completed by the con- 
joint action of the sensitive circuits and a re- 
ceiving device connected therewith, as set 
forth. 

4. In a system for the transmission of elec- 
trical impulses, and the operation or control 
of signaling or other apparatus thereby, the 
combination with a transmitting apparatus 
adapted to produce two or more distinctive 
kinds of disturbances or impulses, of means 
for varying the time intervals of the emission 
of the impulses of the several kinds, sensi- 
tive circuits each tuned to respond to the im- 
pulses or disturbances of one kind only, and 
a receiving apparatus dependent for opera- 
tion upon the conjoint action of the sensitive 
circuits, as set forth. 

5. In a system, such as herein described, 
the combination with a transmitter adapted 
to produce a plurality of distinctive kinds of 
electrical disturbances or impulses, of a re- 
ceiving apparatus comprising a plurality of 
circuits, a sensitive device and a relay in- 
cluded in each circuit, and each said circuit 
being tuned to respond to the impulses or dis- 
turbanees of one kind only, and a receiving 
apparatus in a local circuit controlled by the 


: relays and adapted to be completed by the 


65 


conjoint action of all of said relays, as set 
forth. 

6. In a system of the kind described, the 
combination with a transmitter adapted to 
produce two or more series of electrical oscil- 
lations or impulses of different frequencies, 
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of a receiving apparatus eomprising a plural- 
ity of sensitive circuits each tuned to respond 
to the impulses of one of the series produced 
by the transmitter, and a signaling device de- 
pendent for its operation upon the ‘conjoint 
action of said circuits, as set forth. 

7. The combination with a plurality of 
transmitter elements, each adapted to pro- 
duce a series of impulses or disturbances of 
a distinctive character, and means for con- 
trolling and adjusting the same, of areceiver 
having a plurality of sensitive circuits each 
tuned so as to be affected by one of the series 
of impulses only, and dependent for opera- 
tion upon the conjoint action of all of said 
circuits, as set forth. 

8. The combination with a transmitter 
adapted to produce series of electrical im- 
pulses or disturbances of distinctive charac- 
ter and in a given order of succession, of a 
receiving apparatus comprising tuned cir- 
cuits responding to such impulses in a corre- 
sponding order, and dependent for operation 
upon the conjoint action of said elements, as 
set forth. 

9. In a receiving apparatus, the combina- 
tion with a plurality of sensitive circuits, sev- 
erally turned to respond to waves or impulses 
of a.different kind or class, a receiving-cir- 
cuit controlled by the sensitive circuits and 
a device connected with the receiving-circuits 
adapted to be operated when said circuit is 
completed by the conjoint action of two or 
more of the sensitive circuits, as set forth. 

10. A system for the transmission of elec- 
trical energy, having in combination means 
for producing and transmitting two or more 
"impulses of different periodicities to form a 
signal in a predetermined order of succession, 
as set forth. 

11. In a system forthe transmission of elec- 
trical energy, the combination with a trans- 
mitting apparatus comprisingoneor more cir- 
cuits, means for impressing therein oscilla- 
tions or impulses of different character and 
a receiving apparatus comprising a plurality 
of eireuits each tuned to respond to the im- 
pulses of one kind produced by the transmit- 
ter and a receiver dependent for operation 
upon the conjoint action of the receiving-cir- 
cuits, as set forth. 

12. In asystem for the transmission of elec- 
trical energy, the combination with a trans- 
mitting apparatus comprising a transformer 
and means for impressing upon the secondary 
element of the same oscillations or impulses 
of different character, of a receiving appara- 
tus comprising a plurality of circuits each 
tuned to the impulses of one kind emitted by 
the secondary of the transmitting - trans- 
former, and a receiver dependent for opera- 
tion upon the conjoint action of the receiv- 
ing-cireuits, as set forth. 

13. Ina system for the transmission of elec- 
trical energy, the combination with a trans- 
mitting apparatus comprising a transformer 
and means for impressing upon the secondary 
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elements of thesame oscillations or impulses 
of different periodicities and in a given order 
of succession, of a receiving apparatus com- 
prising a plurality of circuits each tuned to 
5 respond to the transmitted impulses of one 
period, and a receiver dependent for opera- 
tion upon the conjoint action of the receiving- 
circuits, as set forth. . | 

14. In a signaling system, the combination 


10 of means for generating a series of electrical 


impulses of different periodicities, receiving- 
circuits of differing electrical periods of vi- 
bration, and an indicating mechanism oper- 
ated to give an intelligible indication only 


15 when currents are induced in the receiving- 


circuitsin a predetermined order, asset forth. 
15. In a system for the transmission of en- 
ergy, the combination of two or more circuits 


ES 


differing with respect of one of their elec- 
trical constants, means for energizing said eir- 
cuits, and an indicating mechanism operative 
only by conjoint action. of two or more cur- 
rents generated by waves from the sending- 
station, as set forth. О, 

16. In asystem forthe transmission of elec- 
trical energy, the combination with a trans- 
mitter adapted to produce electrical waves or 
oscillations varying in character in a prede- 


‘termined order, of-a receiving instrument re- 


sponsive to said oscillations and dependent 
for operation upon the action thereof. in à cor- 
responding order, as set:forth. 
, NIKOLA TESLA. 
Witnesses: 
JOHN C. KERR, 
RICHARD S. DONOVAN. 
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To all whom it may concern: 

Be it known that I, NIKOLA Testa, a citizen 
of the United States, residing in the borough 
of Manhattan, in the city, county, and State 
of New York, havediscovered a new and useful 


Improvementin the Artof Transmitting Elec- | 


trical Energy Through the Natural Media, of 
which the following is a specification, refer- 
ence being had to the drawings accompanying 
and forming a part of the same. ` 

It is known since a long time that electric 


‘currents may be propagated through the 


earth, and this knowledge has been -utilized 
in many ways in the transmission of signals 
and the operation of a variety of receiving de- 
vices remote from the source of energy, 
mainly with the object of dispensing with a 
return conducting-wire. Itis also known that 
electrical disturbances may be transmitted 
through portions of the earth by grounding 
only one of the poles of the source, and this 
fact J have made use of in systems which | 
have devised for the purposes of transmitting 
through the natural media intelligible signals 
or power and which are now familiar; but all 
experiments and observations heretofore made 
have tended to contirm the opinion held by 
the majority of scientitic men that the earth, 
owing to its immense extent, although pos- 
sessing conducting properties, does not be- 
have in the manner of a conductor of limited 
dimensions with respect to the disturbances 
produced, but, on the contrary, much like a 
vast reservoir or ocean, which while it may be 
locally disturbed by a commotion of some 
kind remains unresponsive and quiescent in 
a large part oras a whole. Still another fact 
now of common knowledge is that when elec- 
trical waves or oscillationsare impressed upon 
such a conducting-path as. a metallic wire re- 
fiection takes place under certain .conditions 
from the endsof the wire, and in consequence 
of the interference.of the impressed and re- 
flected oscillations the. phenomenon of *'sta- 
tionary waves” with maxima and. minima in 
definite fixed:positions is produced. In any 
саѕе ће existence-of these waves indicates that 
some:of:the outgoing waves'/liave reached the 
boundaries of the conducting-path and’ have 
besh reflected from. the same. Now I have 








discovered that notwithstanding its vast. di- 
mensions and contrary to all observations 
heretofore made the terrestrial globe may in 
a large part or as a whole behave toward dis- 
turbances impressed upon it in the same man- 
ner as a conductor of limited size, this fact 
being demonstrated by novel phenomena, 
which I shall hereinafter describe. 

In the course of certain investigations 
which I carried on for the purpose of studying 
the effects of lightning discharges upon the 
electrical condition of the earth I observed 
that sensitive receiving instruments arranged 


so as to be capable of responding to electrical. 


disturbances created hy the discharges at 
times failed to respond when they should have 
done so, and upon inquiring into the causes 
of this unexpected behavior I discovered it to 
be due to the character of the electrical waves 
which were produced in the earth by the 
lightning discharges and which had nodal re- 
gions following at definite distances the shift- 
ing source of the disturbances. From data 
obtained ina large number of observations 
of the maxima and minima of these waves I 
found their length to vary approximately 
from twenty-five to seventy kilometers, and 
these results and certain theoretical deduc- 
tions led me to the conclusion that waves of 
this kind may be propagated in al! directions 
over the globe and that they may be of still 
more widely differing lengths,theextreme lim- 
its being imposed: by the physical dimensions 
and propertiesof theearth. Recognizing in the 
existence of these waves an unmistakable evi- 
dence that the disturbances created had been 


‘conducted from their origin to the most re- 


mote portions of the globe and had been 
thence reflected, I conceived the idea of pro- 
ducing such waves in the earth by artificial 
means with the object of utilizing them for 


[many useful purposes for which they are or 


might be found applicable. This problem 
was rendered extremely difficult owing to the 
immense dimensions of the planet, and conse- 
quently enormous movement of electricity or 


rate at which electrical energy had to be de- 


livered in order to approximate, even ina re- 


mote degree, movements or rates which are. 


manifestly attained in the displays of elec- 
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trical forces in nature and which seemed at | by me and not well known; but when it is de- 


first unrealizable by any human agencies; but 
by gradual and continuous improvements of 
а generator of electrical oscillations, which I 
have described in my Patents Nos. 645,576 
and 649,621, I finally succeeded in reaching 
electrical movements or rates of delivery of 
electrical energy not only approximating, 
but, as shown in many comparative tests and 
measurements, actually surpassing those of 
lightning discharges, and by means of: this 
apparatus I have found it possible to repro- 
duce whenever desired phenomena in the earth 
the same as or similar to those due to such 
discharges. With the knowledge of the phe- 
nomena discovered by me and the means at 
command for accomplishing these results I 
am enabled not only to carry out many opera- 
tions by the use of known instruments, but 
also to offer a solution for many important 
problems involving the operation or control 
of remote’ devices which for want of this 
knowledge and the absence of these means 
have heretofore been entirely impossible. For 
example, by the use of such à generator of 
stationary waves and receiving apparatus 
properly placed and adjusted in any other lo- 
cality, however remote, it is practicable to 
transmit intelligible signals or to control or 
actuate at will any one or all of such appa- 
ratus for many other important and valuablë 


` purposes, as for indicating wherever desired 
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the correct time of an observatory or for as- 


' eertaining the relative position of a body or 


distance of the same with reference to a given 
point or for determining the course of a mov- 
ing objeet, such as a vessel at sea, the distance 
traversed by the same or its'speed, or for pro- 
ducing many other useful effects at’ a distance 
dependent on the intensity, wave length, di- 
rection or velocity of movement, or other fea- 
ture or property of disturbances of this char- 
acter. 

Ishall typically illustrate the manner of ap- 
plying my discovery by describing one of the 
specific uses of the same—namely, the trans- 


mission of intelligible signals or messages be- ` 


tween distant points—and with this object, ref- 


erence is now made to the accompanying draw- 


ings, in which— 

Figure i represents diagrammatically the 
generator which produces stationary waves in 
the earth, and Fig. 2 an apparatus situated in 
a remote locality for recording the effects of 
these waves. 

In Fig. 1, A designates a primary coil form- 
ing part of-a transformer and consisting gen- 
erally of a few turns of a stout cable of inap- 
preciable, resistance, the ends of whieh are 
connected £o the terminals of a source of pow- 
erful electrical oscillations, diagrammatically 
represented by B. This source is usually a 
condenser charged to a high potential and dis- 
charged in rapid suecession through the pri- 


mary, ag in a type of transformer invented 


| 





` small: 


power. 


sired to produce stationary waves of great 
lengths an alternating dynamo of suitable: con- 
struction may be used to energize the primary 
A. Cisaspirally-wound secondary coil with- 
in the primary having the end nearer to the 
latter connected to the ground E’ and the other 
end toan elevated terminal E. "The physical 
constants of coil C, determining its period of 
vibration, are so chosen and ad justed that the 
secondary system E' C E is in the closest pos- 
sible resonance with the oscillations impressed 
upon it by the primary A. It is, moreover, 
of the greatest importance in order to still 
further enhance the rise of pressure and to 
increase the electrical movement in the sec- 
ondary system that its resistance be as small 
as practicable and its self-induction as large 


as possible under the conditions imposed. 


The ground should be made with great care, 
with the object of reducing its resistance. 
Instead of being directly grounded, as indi- 
cated, the coil C may be joined .in series or 
otherwise to the primary A, in which case the 
latter will be eonnected to the plate E'; but 
be it that none or a part or all of the primary 
or exciting turns are included in the coil C 
the total length of the conductor from the 
ground-plate E’ to the elevated terminal E 
should be equal to one-quarter of the wave 
length of the electrical disturbance in the sys- 
tem E' C E or else equal to that length mul- 
tiplied by an odd number. This relation be- 
ing observed, the terminal E will be made to 
coincide with the points of maximum pres- 
sure in the secondary or excited circuit, and 
the greatest flow of electricity will take place 
in the same. In order to. magnify the elec- 
trical movement in the secondary as much as 
possible, it is essential that its inductive con- 
nection with the primary A should not be 
very intimate, as in ordinary transformers, 
but loose, so as to permit free oscillation— 
that is to say, their mutual induction should be 
The spiral form of coil C secures this 
advantage, while the turns near the-primary A 
are subjected to a strong inductive action and 
develop a high initial: electromotive force. 
These adjustments and relations being care- 


.fully completed’ and other constructive fea- 


tures indicated rigorously observed, the elec- 
trical movement: produced in the secondary 
system. by the inductive action of the primary 
A will be enormously magnified, the increase 
being directly proportionate to the inductance 
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of the secondary system. 1 have found it 
practicable to produce in this manner an elec- 
trical movement thousands of times greater 
than the initial—that is, the one impressed 
upon the secondary by the primary A—-and I 
have thus reacbed activities or rates of flow of 
electrical energy in tlte system E' C E meas- 
ured by many tens of thousands of horse- 
Such immense movements of elec- 
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tricity give rise to a variety of novel and ! 
striking phenomena, among which are those ! 
already described. The powerful electrical | 
oscillations. in the system FE’ C E being. com- 
municated to the wround cause correspond- 


| 
ing vibrations to be propagated to distant | 


. parts of the globe, whence they are reflected ' 
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and by interference with the outgoing vibra- ` 
tions produce: stationary. waves the crests ` 
and hoilows of which lie in parallel circles | 
relatively to which the ground-plate E' may | 
be considered to be the pole. Stated other- 
wise, the terrestria! conductor is thrown into | 
resonanee with the oscillations impressed | 
upon it just like a wire. More tban.this, a | 
number of facts ascertained by me clearly 
show that the movement of electricity through | 
it follows certain laws with nearly mathemat- | 
ical rigor. For the present it will be suffi- 
cient to state that the planet behaves like a | 
perfectly smooth or polished conductor of in- : 
appreciable resistance with capacity and self | 
induction uniformly: distributed along. the 
axis of symmetry of wave propagation and | 
transmitting slow electrical oscillations with- 
out sensible distortion and attenuation. 

Besides the above three requirements scem 
to be essential to the establishment of the 
resonating condition. 

First. The earth’s diameter passing through 
the pole should be an odd multiple of the 
quarter wave length—that is, of the ratio be- 
tween the velocity of light-—-and four times the 
frequency of the currents. 

Second. It is necessary to employ oscilla- 
tions in which tho rate of radiation of energy 
into space in the form of hertzian or electro- 
magnetic waves is very small. To give an | 
idea, T would say that the frequency should be 
smaller than twenty thousand per second, 
though shorter waves might be practicable, 
The lowest frequency would appear to be six 
per second, in which ease there will be but | 
one node, at or near the ground-plate. and, par- 
adoxical as it may seem, the effect will increase 
with the distance and will be greatest in a 
region diametrically opposite the transmitter. 
With oscillationsstill slower the earth, Strictly 
speaking, will not resonate, but simply act as 
a capacity, and the variation of potential will 
be more or less uniform over its entiresurtace. 

Third. The most essential requirement is, 
however, that irrespective. of frequency the 
wave or wave-train should continue for a cer- 
tain interval of time, which I have estimated 
to be not less than one-twelfth or probably 
0.08484 of a second and .whieli is taken in 
passing to and returning from the region dia- 
metrically opposite the pole over the earth’s 
surface with a mean velocity of about four 
hundred and seventy-one thousand two hun- 
dred and forty kilometers per second. 

The presence of the stationary waves may 
be detected in many ways. For instance, a 
circuit may be connected directly or induct- 
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ively to the ground and to an elevated termi- 
nal and tuned to respond more effectively to 
the oscillations. Another way is to connect 
a tuned circuit to the ground at two points 
lying more or less in a meridian passing 
through the pole E' or, generally stated, to 
any two points of a different potential. 

In Fig. 2 I have shown a device for detect- 
ing the presence of the waves such as I have 
used in a novel method of magnifying feeble 
effects which I have described in. my Patents 
Nos. 685,953 and 685,955. It consists of a 
cylinder D, of insulating material, which is 


| moved at a uniform rate of speed by clock- 


work or other suitable motive power and is 
provided with two metal rings F F’, upon 
which bear brushes « and «’, connected, re- 
spectively, to the terminal plates P and P. 
From the rings F F' extend narrow metallic 
segments sand x, whieh by the rotation of 
the ‘cylinder D are brought alternately into 
contact with double brushes & and 4’, carried 
by and in contact with conducting-holders-/ 
and /', supported in metallic bearings G and 
G, as shown. ‘The latter are connected to 
the terminals T and T' of a condenser 11; and 
it should be understood that they are capable 
of angular displacement as ordinary brush- 
supports. The object of using two brushes; 
as ^ and /', in each of the holders / and /’ is 
to vary at will the duration of the electric con- 
tact of the plates P and P' with the terminals 
T and T", to which is connected a receiving- 
circuit including a receiver R and a device 4, 


; performing the duty of elosing the receiving- 
| circuit at predetermined intervals of time and 


discharging the stored energy through the re- 
ceiver. In the present case this device con- 
sists of a cylinder made partly of conducting 
and partly of insulating material o and e, re- 
spectively, which is rotated at the desired rate 
of speed by any suitable means. The con- 
ducting parte is in good electrical connection 
with the shaft S and is provided with taper- 
ing segments f Z’, apon which slides a brush 
A, supported on a conducting-rod /, capable 
of longitudinal adjustment in a metallic sup- 
port #. Another brush, », is arranged to bear 
upon the shaft S, and it will be seen that when- 
ever one of the segments /" comes in contact 
with the brush / the circuit including the re- 
ceiver R is completed and the condenser dis- 
chargedthrough thesame. By an adjustment 


‘of the speed or rotation of the eylinder 4 and 


a displacement of the brush 7 along the cyl- 
inder the circuit may be made to open and 
close in as rapid succession and remain open 
or closed during such intervals of time as may 
be desired. The plates P and IP’, through 
which the electrical energy is conveyed to the 
brushes « and «', may be at a considerable dis- 
tance from each other in the ground or one in 
the ground and the other in the air, prefer- 
ably at some height. If but one plate is con- 
nected to earth and the other maintained at an 
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elevation, the location of the apparatus must | varying the length of the waves under observ- 


be determined witi reference to the position 


of the stationary waves established by the | 
generator, the effect evidently being greatest : 
' ceiving station or stations. 
On the other hand, if both plates be connect- : 
j different. wave length a. resultant. stationary 
selected with reference to the difference of | 


in à maximum and zero in a nodal region. 
ed to earth the points of connection must be 


potential whieh it is desired to secure, the 
strongest effect being of course obtained when 
the plates are at a distance equal to half the 
wave length. 

In illustration of the operation of the sys- 
tem let it be assumed that alternating elec- 
trical impulses from the generator are caused 
to produce stationary waves in the earth, as 
above described, and that the receiving appa- 
ratus is properly located with reference to the 
position of the nodal and ventral regions of 
the waves. Thespeed of rotation of the cyl- 


inder D is varied until it is made to turn ir | 


synchronism with the alternate impulses of 
the generator, and the position of the brushes 
) and /' is adjusted by angular displacement 
or otherwise, so that they are in contact with 
thesegments S and S' during the periods when 
the impulses are at or near the maximum of 
their intensity. These requirements being 
fulfilled, electrical charges of the same sign 
will be conveyed to each of the terminals of 
the condenser, and with each fresh impulse it 
will be charged to a higher potential. The 
speed of rotation of the cylinder d being ad- 
justable at will, the energy of any number of 
separate impulses may thus be accumulated 
in potential form and diseharged through the 
receiver R upon the brush 4: coming in con- 
tact. with one of the segments f’. It will be 
understood that the capacity of the condenser 
should be such as to allow the storing of a 
much greater amount of energy than is re- 
quired for the ordinary operation of the re- 
ceiver. Since by this method a relatively 
great amount of energy and in a suitable form 
may be made available for the operation of a 
receiver, the latter need not be very sensitive; 
but when the impulses are very weak or when 
it is desired to operate a receiver very rap- 
idly any of the well-known sensitive devices 
capable of responding to very feeble influences 
may be used in the manner indicated or in 
other ways. Under the conditions described 


the stationary waves the receiver will be acted 
upon by current impulses more or less intense, 
according to its location with reference to the 
maxima and minima of said waves; but upon 
interrupting ap reducing the flow of the cur- 
rént the stationary waves will disappear or 
diminish in intensity. Hence a great variety 
of effects may be produced in a receiver, ac- 
cording to the mode in which the waves are 
controlled. It is practicable, however, to 
shift the nodal and ventral regions of the 
waves at will from the sending-station, as by 





ance of the above requirements. In thisman- 
ner the. regions of. maximum and minimum 
effect may be made to coincide with any re- 
By impressing 
upon the earth. two or. more oscillations of 


wave may he made to travel slowly over the 
globe, and thus a ereat variety of useful ef- 
fects may be produced. Evidently the course 
of a vessel may be easily determined without 
the use of a compass, as by a circuit connect- 
ed to the earth at two points, for the effect 
exerted upon the circuit will be greatest when 
the plates P P' are lying on a meridian pass- 
ing through ground-plate KH’ and will be 5/7 
when the plates are locate at a parallel cir- 


‘ele. Ifthe nodal and ventral regions are main- 


tained in fixed positions, the speed of a vessel 
carrying a receiving apparatus may be exactly 
computed from observations of the maxima 
and minima regions successively traversed. 
This will be understood when it is stated that 
the projections of all the nodes and loops on the 
earth’s diameter passing through the pole or 
axis of symmetry of the wave movement are 
all equal. Hence in any region at the surface 
the wave length can be ascertained from sim- 
ple rules of geometry. Conversely, knowing 
the wave length, the distance from the source 
can be readily calculated. In like ways the 
distance of one point from another, the lati- 
tude and longitude, the hour, &c., may be de- 
termined from the observation of such sta- 
tionary waves. If several such generators of 
stationary waves, preferably of different 
length, were installed in judiciously-selected 
localities, the entire globe could be subdivided 
in definite zones of electric activity, and such 
and other important data could beat once ob- 
tained by simple calculation or readings from 
suitably-graduated instruments. Many other 
useful applications of my discovery will sug- 
gest themselves, and in this respect I do not 
wish to limit myself. Thus the specilic plan 
herein described of producing the stationary 
waves might be departed from. For exam- 
ple, the circuit which impresses the powerful 
oscillations upon the carth might be connected 
to the latter at two points. In this applica- 
tion I have advanced various improvements 


7 | in means and methods of producing and util- 
it is evident that during the continuance of | 


izing electrical effects which either in connoc- 
tion with my present discovery or independ- 


: ently of the same may be usefully applied. 


I desire it to be understood that such novel 
features as are not herein specifically claimed 
will form the subjects of subsequent applica- 
tions. 

What I now claim is— 

1. The improvement in the art of transmit- 
ting electrical energy to a distance which con- 
sistsin establishing stationary electrical waves 
in the earth, as set forth. 

2. The improvement in the art of transmit- 
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ting electrical energy to a distance which con- 
sists in impressing upon the earth electrical 
oscillations of such character as to produce 


stationary electrical waves therein, as set’ 


forth.. 

3. The improvement in the art of transmit- 
ting and utilizing electrical energy which con- 
sists in establishing stationary electrical waves 
in the natural conducting media, and operat- 
ing thereby one or more receiving devices re- 


mote from the source of energy, as set forth. 


4. The improvement in the art of transmit- 
ting and utilizing electrical energy which con- 
sists in establishing in the natural conducting 
media, stationary electrical’ waves of prede- 
termined length and operating thereby one or 
more receiving devices remote from thesource 
of energy and properly located with respect 





s 


to the. position of. such waves, as herein set 
forth. 

- 5. The improvement in the art of transmit- 
ting and utilizing electrical energy, which con- 
sists in establishing in the natural conducting 
media, stationary electrical. waves, and vary- 
ing the length of such waves, as herein set 
forth. 

6. The improvement in the art of transmit- 
ting and utilizing electrical energy, which con- 
sists in establishing in the natural conducting 
media stationary electrical waves and shifting 
the nodal and ventral regions of these waves, 


as described. 
NIKOLA TESLA. 
Witnesses: 
M. Lawson Dyer, 
BEgNJAMIN MILLER. 


20 


25 


30 


N. TESLA. 
FLUID PROPULSION, 
APPLIOATION PILED 00T, 21, 1009. 








1,061,149, | Patented May 6, 1913. 
Сх Fl қ 5% . 
CERAM Wa Sad. 














“4 
Fig 2 


NNN NAN SNS OS УУ 


A 
T7) 0) Qv 


E 


N 
N 
N 
N 
N 





Witnesses: ` | Inventor 
A Biv Жаа 


4 | | оз ta orne 
44 батал | | Ша aa or. Arme 


2 UNITED STATES PATENT OFFICE. 


л 


10 





NIEOLA TESLA, OF NEW YORK, N. Y. 


FLUID PROPULSION. 





1,061,142. 


Specification of Letters Patent. 


Patented May 6,1913. 


Application filed October 21,1909. Serial No. 523,832. 





To all whom it may concern: 

Be it known that I, Nigora Testa, a citi- 
zen of the Unit d States, residing at New 
York, in the couuty and State of New York, 


"have invented certain new and useful Im- 


provements in Fluid Propulsion, of which 
the following is a full, clear, and exact de- 
scription, . : . 


In the practical application of mechanical. 


power based on the use of a fluid as the ve- 
hicle of energy, it has been demonstrated 
that, in order to attain the highest economy, 


. the changes in velocity. and direction of 
. movement of the fluid should be as gradual 


15 


as possible. In the present forms of such 


. apparatus more or less sudden changes, 


20 


25 


80 


shocks and vibrations are unavoidable. Be- 
sides, the employment of the usual devices 
for imparting energy to a fluid, as pistons, 


‘paddles, vanes and blades, necessarily in- 


troduces numerous defects and limitations 
and adds to the complication, cost of pro- 
duction and maintenance of the machine. 
The object of my present invention is to 
overcome these deficieneies in apparatus de- 
signed for the propulsion of fluids and to 
effect thereby the transmission and trans- 
formation of mechanical energy through the 
agency of fluids in a more perfect manner, 
and.by means simpler and more economical 


‘than those heretofore employed. I accom- 


. plish this by causing the propelled fluid to 


35 


40 


45 


50 


' .versely, if the body be place 


molecular separation. 


move in natural paths. or stream lines’ of 


. least resistance, free from constraint and dis- : 
turbance such as occasioned by vanes оғ. 


kindred devices, and te change its velocity 
and direction of movement by imperceptible 
degrees, thus avoiding the losses due to-sud- 
den variations while the fluid is. receiving 


energy. 


It is well known that a fluid possesses, 
among others, two salient properties: ad- 
hesion and viscosity. Owing to these a body 
propelled through such a medium encoun- 
ters a peculiar impediment known as “ lat- 
eral” or “skin resistance"; which is two- 


fold; one arising from the shock of the fluid . 
against the asperities of the solid substance, ' 


the other from internal forces ор osing 

As an inevitable con- 
sequence, a certain amount of the fluid is 
dragged along by the moving body. Con- 
in a fluid in 
motion, for the same reasons, it is impelled 


in the direction of movement. ` These effects, 
in themselves, are of daily observation, but 
I believe that I am the first to apply them in 
a practical and economical manner for im- 
parting energy to or deriving 1t from a fluid. 

The subject of this application is am in- 
vention pertaining to the art of imparting 
energy to fluids, and.I shall now proceed to 
describe its nature and the principles of con- 
struction of the apparatus which I have de- 
vised for carrying it out by reference to the 
accompanving drawings which illustrate an 


‘operative and. efficient embodiment of the 


same. с f 
Figure 1 is a partial end view, and Fig. 
2 is a vertical cross section. of a pump or 
compressor constructed: and adapted to be 


-operated in accordance with my invention. 


70 


In these drawings the device illustrated . 


contains a runner composed of:a plurality 
of flat rigid disks 1 of a suitable diameter, 
keyed to a shaft 2, and held in position by a 


| threaded nut 3,.a shoulder 4 and washers 5, 


of the requisite thickness. Each disk has a 
number of central openings 6, the solid por- 


‘tions between which form spokes 7, prefér- 


ably curved,.as shown, for the purpose of 
reducing the loss of energy due to the impact 
of the fluid. The runner is mounted in a 
two part volute casing 8, having stuffin 

boxes 9, and inlets 10 leading to its centra 
portion. In addition a gradually widening 


and rounding outlet 11 is provided, formed . 


with a flange for ‘connection to a pipe as 
usual: The casing 8 rests upon a base 12, 


, Shown only in part, and supporting the bear- 


ings for the shaft 2; which, being of ordinary 
construetion, are omitted from 

An understanding of the principle em- 
bodied in this device will be gained from 
the following description of its mode of 
operation. Power being applied to the 
shaft and the runner set in rotation in the 


‘direction of the solid arrow the. fluid by 


reason of its properties of &dherence and 


viscosity, upon entering through the inlets 


10 and coming in contact with the disks 1 
is taken hold of by the same and _subje*ted 


to two forces, one acting tangentially in the 


direction of rotation, and the other radially 
outward, The combined effect of these tan- 
gential and centrifugal forces is to propel 


© 
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e drawings. . 
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the fluid with continuously increasing ve- ~- 


locity in a spiral path until it reaches the 
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outlet 11 from which it is ejected. This 
spiral movement, free and undisturbed and 
essentially dependent on the properties of 
the fluid; permitting it to adjust itself to 
natural paths or stream lines and to change 
its velocity and direction by insensible dle- 
grees, is characteristic of this. method of 
propulsion and advantageous in its applica- 
tion. While traversing the chamber inclos- 
ing the runner, the particles of the fluid 
may complete one or more turns, or but a 
part of one turn. In any given case their 
path can be closely calculated and graphi- 
cally represented, but fairly accurate esti- 
mate of turns can be obtained simply by ce- 
termining the number of revolutions re- 
quired to renew the fluid passing through 
the chamber and multiplying it by the ratio 
between. the mean speed of the fluid and 
that of the disks. I have found that the 
quantity of fluid propelled in this manner 
is, other conditions being equal, approxi- 
mately proportionate to the active surface of 
the runner and to its effective speed. For 
this reason, the performance of such ma- 
chines augments at an exceedingly high rate 
with the increase of their size and speed of 
revolution. 

The dimensions of the device as a whole, 
and the spacing of the disks in any given 


-machine will be determined by the condi- 


tions and requirements of special cases. It 
may be stated that the intervening distance 
should be the greater, the larger the diam- 
eter of the disks, the longer the spiral path 
of the fluid and the greater its viscosity. In 
general, the spacing should be such that the 
entire mass of the fluid, before leaving the 
runner, is accelerated to a nearly uniform 
velocity, not much below that of the periph- 
ery of the disks under normal working con- 
ditions and almost equal to it when the out- 


let is closed and the particles move in con- 


centric circles. It may also be pointed out 


.that such a pump can be made without open- 


ings and spokes in the runner, as by using 
one or more solid disks, each in its own cas- 
ing, in which form the machine will be 
eminently adapted for sewage, dredging and 
the like, when the water is charged with 
foreign bodies and spokes or vanes espe- 
cially objectionable. 
Another application of this principle 
which I have discovered to be not onl 
feasible, but thoroughly practicable and effi. 
cient, is the utilization of machines such as 
above described for the compression or rare- 
faction of air, or gases in general. In such 
cases it will be found that most of the gen- 


eral considerations obtaining in the case of. 


liquids, properly interpreted, hold true. 
When, irres 
fluid, considerable pressures. are desired, 
staging or compoun: may be resorted to 
in the usual way the individual runners be- 





ward the center. 


tive of the character of the 


1,061,142 


ing, preferably, mounted on the same siaft. 
It should be added that the sume end may 
be attained with one single runner by suit- 
able deflection of the fluid through rotative 
or stationary passages. 

The principles underlying the invention 
are capable of embodiment also in that 
field of mechanical engineering which is 
concerned in the use of fluids as motive 
agents, for while in some respects the ac- 
tions in the latter case are directly ор osite 
to those met with in the propulsion o Raids, 
the fundamental laws applicable in the two 
cases are the same. In other words, the 
operation above described is reversible, for 
if water or air under pressure be admitted 
to the opening 11 the runner is set in rota- 


70 


tion in the direction of the dotted arrow by - 


reason of the peculiar properties.of the fluid 
which traveling in a spiral path and with 
continuously diminishing velocity, reaches 
the orifices 6 and 10 through which it is 
discharged. | 


85 


When apparatus of the general character - 


above described is employed for the trans- 
mission of power, however, certain depar- 
tures from structural similarity between 
transmitter and receiver may be necessary 
for securing the best result. I have, there- 
fore, included that part of my invention 
which is directly applicable to the use of 
fluids as motive agents in a separate- appli- 
cation filed January 17, 1911, Serial No. 
603,049. It may be here pointed out, how- 
ever, as is evident from the above consid- 


'erations,that when transmitting power from 


one shaft to another by such machines, any 
desired ratio between the speeds of rota- 
tion may. be obtained 
the diameters of the , or by suitably 
staging the transmitter, the receiver, or both. 
But it may be stated that in one respect, 
at least, the two machines arè essentially dif- 
ferent. In the pump, the radial or static 


pressure, due to centrifugal force, is added. 


to the tangential or dynamic, thus increas- 


ing the effective head and assisting in the ex- | 
р 


sion of the fluid. In the motor, on the 
contrary, the first named pressure, ing 
opposed to that of supply, reduces the ef- 
fective head and velocity of radial flow to- 
Again, in the propelled 
machine a great torque is always desirabl 
this calling for an in number of 
disks and smaller distance of separation, 
while in the propelling machine, for numer- 
ous economic reasons, the rotary effort 
should be the smallest. and the speed the 
greatest practicable. Many other consid- 
erations, which will naturally them- 
selves, may affect the design and construc- 
tion, but the preceding is thought to con- 
tain all necessary information in this re- 
gard. 


by proper selection of 


125 


Tt will be understood that the principles 130 
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of construction and operation above set forth, 
are capable c£ embodiment in machines of 
the most widely different forms, and adapt- 
ed for the greatest variety of purposes. In 
the above, 1 have sought to describe and ex- 
plain only the general and typical applica- 
tions of the principle which I believe I am 
the first.to realize and turn to useful ac- 
count. 

I do not claim in this application the 
method herein described of imparting en- 
ergy to a fluid, having made that discovery 
the subject of a copending application Serial 
No. 735,914. 

What I claim is: 

. 1. A machine for propelling or imparting 
energy to fluids comprising 1n combination 
a plurality of spaced disks rotatably mounted 
and having plane surfaces, an inclosing cas- 
ing, ports of inlet at the central portion of 
sud casing and through which the fluid is 
adapted to be introduced to the axial por- 
tions of the disks, and ports of outlet at the. 
peripheral portion of the casing through 


- which the fluid; when the machine is driven 





a 


by power, is-adapted to be expelled, as set 
forth. 

2. A machine for propelling or imparting 
energy to fluids, comprising 1n combination 


a volute casing provided with ports of in- : 


let and outlet at its central and peripheral 
portions, respectively, and a runner mounted 
within tbe casing and composed of spaced 
disks with plane surfaces haying openings 
adjacent to the axis of rotation. 

3. A rotary pump, comprising in combi- 


35 


nation à plurality of spaced disks with. 


plane surfaces mounted on a rotatable shaft 
and provided with openings adjacent there- 
to, a volute casing inclosing the said disks, 
means for admitting a fluid into that por- 
tion of the casing which contains the shaft 
and an outlet extending tangentially from 
the peripheral portion of said casing. 
Tn testimony whereof I affix my signature 
in the presence of two subscribing witnesses. 
NIKOLA TESLA. 
Witnesses: 
M. Lawson Dyer, 
Drury W. Сооғик. 
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To all whom it may concern: 

Be it known that I, Nrxota Testa, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have. invented certain new and useful Im- 
provements in Rotary Engines and Tur- 
bines, of which the following is a full, clear, 
and exact description. 

In the practical application of mechani- 


‘eal power. based on the use of fluid as the 


vehicle of enérgy, it has been demonstrated 
that, in order to attain the highest economy, 
the changes in the velocity and direction 
of movement of the fluid should be as 
gradual as possible. In the forms of appa- 
ratus heretofore devised or proposed, more 
or less sudden changes, shocks and vibra- 
tions are unavoidable. Besides, the employ- 
ment of the usual devices for imparting to, 
or deriving energy from a fluid, such as pis- 
tons, paddles, vanes and blades, necessarily 
introduces numerous defects and limitations 
and adds to the complication, cost of pro- 


_ duction and maintenance of the machines. 


25 


The object of my invention is to over- 
come these deficiencies and to effect the 
transmission and transformation of me- 


- chanical energy through the agency of 
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fluids in a more perfect manner. and by 
means simpler and ‘more economical than 
those heretofore employed. I accomplish 
this by causing the propelling fluid to move 
in natural paths or stream lines of least 
resistance, free from constraint and disturb- 


‘ance such as occasioned by vanes or kindred 


devices, and to change its velocity and di- 


- rection of movement by imperceptible de- 


grees, thus avoiding the losses due to sud- 
den variations while the fluid is imparting 
energy. 

It is well known that a fluid possesses, 
among others, two salient properties, 'ad: 
hesion and viscosity. Owing to these ‘a 
solid body propelled through such a medium 
encounters a peculiar impediment known as 
* ]ateral" or “ skin resistance,” which is twe- 
fold, one arising from the shock of the 
fluid against the asperities of the solid sub- 
stance, the other from internal forces op- 
posing molecular separation. As an inevi- 
table consequence a certain amount of the 
fluid is dragged along by the moving body. 


. Conversely, 1f the body be placed in g fluid 


in motion, for the same reasons, itis im-, 
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pelled in the direction of movement. These 
effects, in themselves, are of daily observa- 
tion, but I believe that I am the first to ap- 
ply them in a practical and economical man- 
ner in the propulsion of fluids or in their 
use as motive agents. ` | 
In an application filed by me October 
21st, 1909, Serial Number 523,832 of which 
this case is a division, I have illustrated the 
ptinciples underlying my discovery as em- 
bodied in apparatus designed for the pro- 
pulsion of fluids. The same principles, how- 
ever, are capable of embodiment also in 
that field of mechanical engineering which 
is concerned in the use of fluids as motive 
agents, for while in certain respects the 
operations in the latter case are directly 


opposite to those met with in the propul-: 


sion of fluids, and the means employed 
may differ in some fentures, the fundamen- 


tal laws applicable in the two.cases are the- 


same. In other words, the operation is re- 
versible, for if water or air under pressure 
be admitted to the opening constituting the 
outlet of a pump or blower as described, the 
runner is set in rotation by reason of the 
peculiar properties of the fluid which, in 
its movement through the device, imparts 
its energy thereto. 
The present application, which is a di- 


vision of that referred to, is specially in- 


tended to describe and claim my discovery 


above set forth, so far as it bears on the use | 


of fluids as motive agents, as distinguished 
from the applications of the same to the 
propulsion or compression of fluids. 

In the drawings, therefore, I have illus- 
trated only the form of apparatus designed 
for the thermo-dynamic conversion of en- 
ergy, a field in which the applications of 


the principle have the greatest practical - 


value. . КЕ ; | 

. Figure 1 is a. partial end view, and Fig. 
9 a vertical cross-section of a rotary engine 
or turbine, constructed and adapted to be 
operated in accordance with the principles 
of my invention. 

The apparatus comprises a runner com- 
posed of a plurality of flat rigid disks 13 
of suitable diameter, keyed to a shaft 16. 
and held in position thereon by a threaded 
nut 11, a shoulder 12; and intermediate 
washers 17. The disks have openings 14 
adjacent to the shaft and spokes 15, which 


£a 


may be substantially straight. For the sake 
of clearness, but a few disks, with compara- 
tively wide intervening spaces, are illus- 
trated. . `. 

"The runner is 
prising two end castings 19, which contain 
the bearings for the shaft 16, indicated but 
not shown in detail; stuffing boxes 21 and 
outlets 20. The end castings are united by 
a central ring 22, which is bored out to a 
circle of a slightly larger diameter than thal 
of the disks, and has flanged extensions 25, 


10 


and inlets 24, into which finished ports ог. 


nozzles 25 are inserted. Circular grooves 26 
and labyrinth packing 27 are provided on 
the sides of the runner. Supply pipes 28, 
with valves 29, are connected to the flanged 
extensions of the central ring, one of the 
valves being normally closed. 

For a more ready and complete under- 
standing of the principle of operation it js 
of advantage to consider first the actions 

- that take place when the device is used for 
- the propulsion of fluids for which purpose 
gg let it be assumed that power is applied to 


15 
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in a clockwise direction. Neglecting, for the 
moment, those features of construction that 
make for or against the efficiency of the de- 
vice as a pump, as distinguished from a mo- 
tor, a fiuid, by reason of its properties of 
adherence and viscosity, upon entering 
through the inlets 20, and coming in contact 
with the disks 13, is taken hold of by the 
latter and subjected to two forces, one act- 
ing tangentially in the direction of rotation, 
and the other radially outward.’ The com- 
bined effect of these tangential and centrifu- 
gal forces is to. propel the fluid with eon- 
tinuously increasing velocity in a spiral path 
until it reaches a suitable peripheral outlet 
from which it is ejected. This spiral move- 
ment, free and undisturbed and essentially 
dependent on the properties. of the fiuid, per- 
mitting it to adjust itself to natural paths 
or stream lines and to:change its velocity and 
direction by insensible degrees, is a charac- 
teristic and essential feature of this principle 
^. of operation. . . = 
66 
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While traversing the chamber inclosing 
. the runner, the particles of the fluid may 
complete one or more turns, Or but & part 


of one turn, the path followed being capable. 


of close calculation and graphic representa- 
tion, but fairly accurate estimates of turns 
can be obtained simply: by determining the 
number of revolutions required to renew the 
fluid passing through the chamber and mul- 
tiplying it by the ratio between the mean 
go “speed of the fluid and that of the disks. I 
have found that the quantity of fluid pro- 
pelled in this manner, is, other conditions be- 
ing equal, approximately proportionate to 
the active surface of the runner and to its 
.85 effective speed. For this reason, the per: 
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ел 


mounted in a casing com- 








the shaft and the runner set in rotation say- 
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formance of such machines augments at an 
exceedingly high. rate with the increase of 
their size and speed of revolution. 

The dimensions of the device as a whole, 
and the spacing of the disks in any given 7 
machine will be determined by the conditions 
and requirements of special cases. Tt may. 
be stated that the intervening distance should . 
should be the greater, the larger the diameter 
of the disks, the longer the spiral path of 
the fluid and the greater its viscosity. In 


general, the spacing should be such that the 


entire mass of the fluid, before leaving the 
runner, is accelerated. to a nearly uniform 
veloéity, not much below that of the periph- 
ery of the disks under normal working con- 
ditions, and almost equal to it when the out- ` 
let is closed and the particles move in con- 
centric circles. i 

Considering now the converse of the above 
described’ operation and assuming that fluid 
under pressure be allowed to pass through 
the valve at the side of the solid arrow, the 
runner will be set in rotation in a clockwise 
direction, the fluid traveling in a spiral path 
and with continuously diminishing velocity 
until it reaches the orifices 14 and 20, through 
which it is discharged. If the runner be al- 
lowed to turn freely, in. nearly frictionless 
bearings, its rim will attain a speed closely 
approximating the maximum of that of the 
adjacent fluid and the spiral path of the 
particles will be comparatively long, consist- 
ing of many almost circular turns. If load 
is put on and the runner slowed down, the 
motion of the fluid is retarded, the turns are 
reduced, and the path is shortened. 

Owing to a number of causes affecting the 
performance, it is difficult to frame a precise 
rule which would be generally applicable, 
but it may be stated that within certain 
limits, and other conditions being the same, 
the torque is directly proportionate to the . 
square of the velocity of the fluid relatively | 
to the runner and to the effective area of the 1 


disks and, inversely, to the distance separat- 


ing them. ‘The machine will, generally, per- 
form its maximum work when the effective 
speed of the runner is one-half of that of the 
fluid; but to attain the highest economy, the 
relative speed or slip, for any given perform- 
ance, should be as small as possible. "This 
condition may be to any desired degree ap- 
proximated by increasing the active area of 
and reducing the space between the disks. 

. When apparatus of the kind described is 
employed for the transmission of power cer- 
tain departures from similarity between 
transmitter and: receiver are necessary for 
securing the best results. It is evident that, 
when transmitting power from one shaft to 
another by such machines, any desired ratio 
between the speeds of rotation may be ob- 
tained by a. proper selection of the diame- 


ters of the disks, or by suitably staging the 1 
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transmitter, the receiver or both.. But it 
may be pointed. out that in one respect, at 
least, the two machines are essentially dif- 
ferent. In the pump, the radial or static 
pressure, due to centrifugal force, is added 
to the tangential or dynamie, thus increas- 
ing the effective head and assisting in the 
expulsion of the fluid. In the motor, on the 
contrary, the first named pressure, being op- 
posed to that of supply, reduces the effective 
head and the velocity of radial flow toward 
the center. Again. in the propelled machine 
a great torque is always desirable, this call- 
ing for an increased. number of disks and 
smaller distance of separation, while in the 
propelling machine, for numerous economic 
reasons, the rotary effort should be the small- 
est and the speed the greatest practicable. 
Many other considerations, which will nat- 
urally suggest themselves, may affect the de- 
sign and construction, but the preceding is 
thought to contain all necessary informa- 
tion in this regard. | 

In order to bring out a distinctive feature. 
assume, in the first place, that the motive 
medium is admitted to the disk chamber 
through a port, that is a channel which it 
traverses with nearly uniform velocity. In 
this case, the machine will operate as a 
rotary engine, the fluid continuously ех- 
panding on its tortuous path to the central 
outlet. The expansion takes place chiefly 
along the spiral path, for the spread in- 
ward is opposed by the centrifugal force 
due to the velocity of whirl and by the great 
resistance to radial exhaust. It is to be ob- 
served that the resistance to the passage of 
the fluid between the plates is, approxi- 
mately, proportionate to the square of the 
relative speed, which is maximum in the 
direction toward the center and equal to 
the full tangential velocity of the fluid. 
The path of least resistance, necessarily 
taken in obedience to a universal law of 
motion is, virtually, also that of least rela- 
tive velocity. Next, assume that the fluid 
is admitted to the disk chamber not through 
a port, but a diverging nozzle, a device coa- 
verting wholly or in part, the expansive into 
velocity-energy. The. machine will then 
work rather like a turbine, absorbing the 
energy of kinetic momentum of the particles 
as they whirl, with continuously decreasing 
speed, to the exhaust. 

The above description of the operation, I 


may add, is suggested by experience and ob-: 


seryation, and is advanced merely for the 
purpose of explanation. The undeniable 
fact is that the machine does operate, both 
expansively and impulsively. When the ex- 
pansion in the nozzles is complete, or nearly 
so, the fluid pressure in the peripheral clear- 
ance space 1s small; as the nozzle is made 
less divergent and its section enlarged, the 
pressure rises, finally approximeting that of 


| a circular bore. 








a 


the supply. | But the transition from purely 
impulsive to expansive action may not be 


continuous throughout, on account of criti- : 


eal states and conditions and comparatively 
great variations of pressure may be caused 
by small changes of nozzle velocity. 

In the preceding it has been assumed that 
the pressure of supply is constant or con- 
tinuous, but it will be understood that the 
operation will be, essentially the same if the 
pressure be fluctuating or intermittent, as 
that due to explosións occurring in more or 
less rapid succession. .. | 

A very desirable feature, characteristic of 
machines constructed and operated in ac- 
cordance with this invention, is their capa- 
bility of reversal of rotation. Fig. 1, while 
illustrative of a special case, may be re- 
garded as typical in this respect. If the 
right hand valve be shut off and the fluid 
supplied through the second pipe, the runner 
is rotated in the direction of the dotted ar- 
row, the operation, and also the performance 
remaining the same as before. the central 
ring being bored to a circle with this purpose 
in view. The sume result may be obtained 


in many other ways by specially designed 


valves, ports or nozzles for reversing the 
flow, the description of which is omitted 
here in the interest of simplicity and clear- 
ness. For the same reasons but one opera- 
tive port or nozzle is illustrated which might 
be adapted to a volute but dees not fit best 
Tt will be understood that 
a number of suitable inlets may be provided 
around the periphery of the runner to im- 
prove the action and that the construction 
of the machine may be modified in many 


ways. 

Still another valuable and probably 
unique quality of such motors or prime mov- 
ers may be described. Dy proper construc- 
tion and observance of working conditions 
the centrifugal pressure, opposing the pas- 
sage of the fluid, may, as already indicated, 
be made nearly equal to the pressure of sup- 
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ply when the machine is running idle. If . 


the inlet section be large, small changes in 
the speed of revolution will produce great 
differences in flow which are further en- 
hanced by the concomitant variations in the 
length of the spiral path. A self-regulating 
machine is thus obtained bearing a striking 
resemblancé to a direct-current electric mo- 
tor in this respect that, with great differences 
of impressed pressure in a wide open chan- 
nel the flow of the fluid through the same is 
prevented by virture of rotation. Since the 
centrifugal head increases as the square of 
the revolutions, or even more rapidly, and 
with modern high grade steel great periph- 
eral velocities are practicable, 1t is possible 
to attain that condition in a single stage 
machine, more readily if the runner be of 
large diameter. Obviously this problem is 
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15 


20 


facilitated by. compounding, as will be un: 


-derstocd: by those skilled in: the art. Irre- 


spective of its-bearing on economy, this. tend- 
ency which. is, to a degree, common to 
motors of the above description, is of special 
advantage in the operation of large units, as 
it affords a safeguard against running away 
and destruction. Besides these, such a. prime 
mover possesses many other advantages, both 
constructive and. operative.. It.is simple, 
light and compact, subject to but little wear, 
cheap and exceptionally easy to manufac- 
ture as small clearances and accurate milling 


work are not essential to good performance. 


In operation it is reliable, there being no 
valves, sliding contacts or troublesome vanes. 
It is almost free of windage, largely inde- 
pendent of nozzle efficiency and suitable for 
high as well as for low fluid velocities. and 
speeds of revolution. 

It will be understood that the principles 


. of construction and operátion above gener- 
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ally set forth, are capable of embodiment in 
machines of the most widely different forms, 
and adapted for the greatest variety of pur- 
poses. In my present specification I have 
sought to describe and explain only the gen- 
eral and typical applications of the principle 
"which I believe I am the first to realize and 
turn to useful account. 

What I claim is: > i 

1. A machine adapted to be propelled by 
a fluid consisting in the combination with a 
casing having inlet and outlet ports at the 
»eripheral and central portions, respectively, 
of a rotor having: plane spaced surfaces be- 
tween which the, fluid may, flow in natural 
spirals and’ by adhesive and viscous action 
impart its enerov of movement to the rotor, 
as described. |. ` 

2. A machine adapted to be propelled by 
a fluid, comprising a rotor composed of a 


plurality of plane spaced disks mounted on a 


45 


50 


shaft.and open at or neàr the same, an іп- 
closing casing with a peripheral inlet or in- 
lets, in the plane of the disks, and an outlet 
or outlets in its central portion, as described. 


» 8. Á rotary engine adapted to be propelled 


by adhesive and viscous action of a continu- 
ously expanding fluid comprising in combi- 


‘nation a casing forming a chamber, an inlet 


or inlets tangential to the periphery of the 
same, and an outlet or outlets in its central 
portion, with a rotor composed of spaced 


о 881,806 ' ` 


‘disks mounted on a shaft, and open at or, 
near the same; as described. 1. 

4, A machine adapted to be propelled by.” 
fluid, consisting in the combination of à pli- 
 rality of disks mounted on a shaft and open: 
at or near the same, and an inclosing casing: 
"with ports or passages of inlet and outlet: 


at the peripheral and central: portions, re- 
spectively, the disks being spaced to. form: 
passages through which the fluid may flow, 
under the combined influence óf-radial and 


tangeritial forces, in a natural spiral path. 
from. the periphery toward the axis of the. 
disks, and impart its energy of movement to: 
‘the same by its adhesive and viscous action 
‘thereon, as set forth. . : | 


5. А machine adapted to be propelled by 
4 fluid comprising in combination a plural- 
ity of spaced disks rotatably mounted and 
having plane surfaces, an inclosing casing 
and ports or passages of inlet and outlet ad- 


jacent to the periphery and center of the 


disks, respectivelv. as set forth. — .- 
6. A machine adapted to ve propelled by a 
fluid comprising in combination. a. runner 


composed of a plurality of disks having. 


plane surfaces and mounted at intervals on 
a central shaft, and formed with openings 
near their centers, and means for admitting 






- 


5 


the propelling fluid into the spaces between ` 


the disks at the periphery and discharging it € 


at the center of the same, as set forth. 


Т. A thermo-dynamic conyerter, compris- - 
ing in combination a series of rotatably. 


mounted spaced disks with plane surfaces, 
an inclosing casing, inlet ports àt the 
ripheral portion and outlet: ports leading 
from the.central portion of the same, às set 
forth. - ~. t s 

8. A thermo-dynamic converter, compris- 


ing in combination a series of rotatably: 


mounted spaced disks with plane surfaces 
and having openings adjacent to their cen- 
tral portions, an inclosing casing, inlet ports 
in the peripheral portion, and outlet ports 
leading from the central portion of the same, 
as set forth. | 

In testimony whereof I affix my signature 
in the presence of two subscribing witnesses. 


NIKOLA TESLA. 
‘Witnesses: | 


M. Lawson Dyer, 
Wm. BOHLEBER. 
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UNITED STATES PATENT OFFICE 


NIKOLA TESLA, OF NEW YORK, N. Y, 


FOUNTAIN, 


1,112,718. 


Lo ali whom ig may concern: . 

Be it known that I, Nıxora Testa, a citi- 
zen of the United States, residing at New 
York, borough ‘of Manhattan, county. and 
State of New York, have invented certain 
new-and useful Improvements in Fountains, 
oF which the following із a full, clear, and 
exact description, Ul 

It has been customary heretofore in foun- 
tains and aquarian displays, to project 
spots, jets, or sprays of water from suitable 
fixtures, chiefly for decorative and beautify- 
Ing purposes, Invariably, the quantity of 
the issuing fluid was small and the pleasing 
impression on the eve was solely the result 
of the more or less ‘artistic arrangement of 
the streamlets and ornaments employed, 
The present invention is a departare from 
such practice in that it relies principally 
on the fascinating spectacle of a large mags 
of fluid in motion and the display of seem- 
ingly greni power. Incidentally. it permits 
the realization of beautiful and striking 
views through, illumination and the dispo- 
sition of voluminous cascades which, more- 
ful purposes in 
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Appiication filed October 28, 1913. 








Ways not practicable with the old and fa- 
miliar devices. These objects are accom- 
plished by the displacement of a great vol- 
ume of fluid with a relatively small expendi- 
ture of energv in the production and mainte- 
nance of a veritable waterfall as distin- 
guished from a iere spout, jet or spray, 
The underlying idea of the invention can 
be carried out by apparatus of widely varied 
design, but in the present instance the sim- 
plest forms, of which T am aware, are shown 
as embodiments of the principle involved. · 
In the accompanying drawing, F igure 1 is 
a top plan and Fig. 2 a vertical central sec- 
i applianee which I have 
devised for the purpose, Fig. 3 and Fig. 4 
illustrate torresponding views of a similar 
deviee of much simpler construction. 
: Referring to the first, 1 represents a re- 
ceptacle of any suitable material, as inetal, 
Blass, porcelain, marble, cement or. other 
compound, with a central. hub 9 and a coni- 
cal conduit 3, fared ont at the top and pro- 
vided with openings 4 at the bottom. In 
the hub 2 is inserted a shaft 5 rotatably sup- 
on ball bearings 6 and carrying at 
its lower end a friction pulley or gear wheel 
T. To the upper end of the shaft is fastened 
a casting 8, preferably of some non-corrosive 





alloy, with blades 9 constituting a serew | 


Patented Océ, 18,2914, 
Serial No, 797,718. es | 


which is shown in this instance as the best 
known propelling device; but it will be un- 
derstood that other means may be employed, 
À motor 10 is suitably mounted so ‘as, to 
transmit through wheel 11, ру friction or 
otherwise, power to the pulley or wheel 7. 
Openings £ may be covered with removable 
strainers and receptacles 1 may be provided 
With convenient connections, respectively, 
for cleaning and renewing the liquid. It ig 
thought unnecessary to show these attach- 
ments in the drawing. | 

The operation will be readily 
Receptacle 1 being filled to thé proper level 
With water or other fluid, and the power 
turned on, the propeller blades 9 are set in 
rotation and the fluid, drawn through the 
openings 4, is lifted to the horizontal flared 
out top of conduit 3 until it overflows in the 
form of a circular cascade, 

In order to prevent the wetting of tho 
bearings of shaft 9, the central hub 2 of re- 
ceptacle 1 is made to project above conduit 
9. The latter is funnel shaped for reasons 
of economy, and also Тог «ће purpose of re. 
ducing the speed and securing a smooth and 
even overflow. As the lift is inconsiderable, 
little power is needed to keep in motion a 
great volume of water and the impression 
produced on the observer is very striking, 
With the view of still further economizing 
energy. the bottom of receptacle 1 may be 
shaped as indicated by the dotted. lines 12, 
in Fig, 2 
intake of the propeller. 

To convey an idea of the results obtain- 
able with à small apparatus, properly de- 
signed, it may be stated that by applying 
only 1/95 of à horse-power to the shaft and 


understood. 


assuming a lift of eighteen inches, more’ 
than one hundred gallons per minute may 


be prepelled, the depth of the finid passing 


over the flared top of conduit 3, one foot in^ 
As j 


diameter, being nearly one-half inch. 
the eirenlation is extremely rapid the total 
quantity of liquid required is com paratively 
small. About one tenth of that delivered per 
minute will be, gene rally, sufficient. Such a 
cascade presents a singularly attractive ap- 
pearance and this. feature may be still fur- 
ther enhanced by artistic grouping of plants 
or other objects around it, in which ‘case 
the whole contrivance inay be hidden from 
view. Particularly beautiful displays, how- 
ever, are obtainable by illumination which 
may be carried out in many ways, То 


£0 as to increase the velocity at ihe 
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heighten the effect, a colored, opalescent or 
phosphorescent fluid may. be employed. 
Sterilizing, aromatic or radio-active liquids 


. may also be used, when so desired. The 


usual fountains are objectionable. in many 
places on account of the facility they- afford 
for the breeding of insects. The apparatus 
described not only makes this impossible 
but is a very efficient trap. Unlike the old 
devices in which only a very small, volume 


— of water is set in motion, such a waterfall is 
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is highly effective in cooling the surround- 


ing atmosphere. To still improve this ac- 
tion the free end 13 of the rotating shaft 
may’ be utilized to carry any kind of fan. 


The water may, of course, be artificially - 


cooled. 

The device described may be modified in 
many ways and also considerably simplified. 
For example, the propeller may be fixed di- 
rectly to the shaft of the motor and the 
latter supported conveniently from above 
when many of the parts illustrated in Fig. 1 


-and Fig. 2 may be dispensed with. In fact, 


receptacle 1 itself may be replaced by an 
independent tank or basin so that the entire 
apparatus will only consist of a funnel 
shaped conduit, motor and propeller as a 
unit. Such a constructién is shown in Fig. 
3 and Fig. 4 in which 3 is a conical vessel 
provided with intake openings 4 and rest- 
ing on a substantial base. A motor 14, car- 
rying on a strong shaft 5 a propeller’ 9, is 
fixed to supports 15 which extend from the 
inner side of conduit 3 and may be integral 
with the same. Obviously, to insure per- 
fect working the weight of the moving parts 
and axial reaction of the propeller should 
be taken up or balanced as by a thrust bear- 
ing 16, or other means. | 

Apparatus of this description is especially 
intended for use in open basins or reservoirs 
in which it may be placed and put in action 
at short notice. When it is desired to pro- 
duce large and permanent waterfalls the 
conduit 3 may be formed by masonry. of 
appropriate archit ural design. 

The invention has. an unlimited field of 
use in private dwellings, hotels, theaters, 


concert halls, hospitals, aquaria ала, par- 
ticularly, in squares, gardens and parks in” 


which it may be carried out on a large scale 
so as to afford a magnificent spectacle far 
more captivating and stimulating to the 
public than the insignificant displays now 
Tn. use. i ` 


I am well aware that artificial water falls 


have heretofore been exhibited and that foun- 
tains in which the same water is circulated 
are old and well known. But in all such 
eases independent pumps of small volumet- 
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ric capacity were used to raise the water to 


„an appreciable height which involved the 


expenditure of considerable energy, while 
the spectacle offered to the eye was uninter- 
esting. In no instance, to my. knowledge, 
has.a great mass of fluid been propelled by 
the use of only such power as is required to 


lift it from its normal level through 8 


relatively short space to that from which 
it overflows and descends as a cascade, nor 
have devices especially adapted for the pur- 
pose been employed. 

What I claim is: 

1. An artificial fountain consisting of an 
unobstructed conduit having an elevated 
overflow and adapted to be set in a body of 
water, and a propelling device for main- 
taining a rapid circulation of the water 
through the conduit. 

9, An artificial fountain comprising in 
combination an unobstructed conduit having 
an elevated overflow and adapted to be set 
in a body of fluid, a propeller within the 


conduit for maintaining a rapid circulation 


of the fluid through the same, and a motor 


for driving the propeller. 


3. The artificial fountain herein de- 
scribed, comprising in combination a re- 
ceptacle, a central hollow’ conduit with an 
elevated overflow placed therein, a propeller 
within the conduit. and a motor for driving 
the propeller, so as to maintain a rapid cir- 
culation of fluid through the conduit. 

4. The artificial fountain herein de- 
scribed, comprising in combination, a re- 
ceptacle, 
set therein, a central hub extending u 
through the conduit, a rotary shaft extend- 
ing therethrough, and a propeller carried 
by the shaft for maintaining a rapid circu- 
lation of fluid through the conduit. 

5. An artificial fountain comprising in 


‘combination with an unobstructed passage 


from the normal to the elevated fluid levels, 
of a propeller for maintaining a rapid cir- 
culation of the fluid through such passage 
апр producing thereby a cascade with the 
expenditure of little energy. 

6. An artificial fountain comprising & 
funnel shaped conduit adapted to be set in 
a body of fluid, and having openings near 
the lower end, and a propeller supported 
within the conduit and adapted when in 
operation to maintain a rapid circulation 
of water throügh the same. | 


Th testimony whereof I affix my signature. 


subscribing witnesses, 


in the presence of two. 
: NIKOLA TESLA. 
Witnesses: | 
- M. LawsoNs Drag, 


|. Wy. Bonrsnzs. 
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To all whom it may concern: 

Be it known that I, Ngora Testa, a citi- 
zen of the United States, residing in thè 
borough of Manhattan, in the city, county, 
and State of New York, have invented cer- 
tain new and useful Improvements in Appa- 
ratus: for Transmitting Electrical Energy, 
of which the following is a specification, ref- 


erence being had to the drawing accom- ' 


panying and forming a part of the same. 
In endeavoring to adapt currents or dis- 
charges of very high tension to various valu- 
able uses, as the distribution of energy 
through wires from central plants to distant 
places of consumption, or the transmission 
of powerful disturbances to great distances, 
through the natural or non-artificial media, 
I have encountered difficulties in confining 
considerable amounts of electricity to: the 
conductors and preventing its leakage over 
their supports, or its escape into the ambient 
air, which always takes place when the elec- 
tric surface density reaches a certain value. 
The intensity of the effect of a transmit- 
ting circuit with a free or elevated terminal 
is -proportionate to the quantity of electric- 
ity displaced, which is determined by the 
product of the capacity of the circuit, the 
pressure, and the frequency of the currents 
employed. To produce an electrical move- 
ment of the required magnitude it is de- 
sirable to charge the terminal as highly as 
possible, for while a great quantity of elec- 
tricity may also be displaced by a large 
capacity charged to low pressure, there are 
disadvantages met with in many cases when 
the former is made too large. The chief of 


. these are due to the fact that an increase of 


40 


45 


the capacity entails a lowering of the fre- 


quency of the impulses or discharges and a- 


diminution of the energy of vibration. This 
will be understood when it is borne in mind, 
that a circuit with a large capacity behaves 
as a slackspring, whereas one with a small 
capacity acts like a stiff spring, vibrating 


more vigorously. . Therefore, in order to 


attain the highest possible frequency, which 
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‘ticable. 


for certain purposes is advantageous and, 
apart from that, to develop the greatest 
energy in such a transmitting circuit, I em- 
ploy a terminal of relatively small capacity, 
which I charge to as high a pressure as prac- 


found it imperative-to so construct the ele- 
yated conductor, that its outer surface, on 


To accomplish this result I have. 


which the electrical charge chiefly accumu- 
lates, has itself a large radius of curvature, 


or is composed of separate elements which, 


irrespective of their own radius of curva- 
ture, are arranged in close proximity to each 
other and so, that the outside ideal surface 
enveloping them is of a large radius. Evi- 
dently, the smaller the radius of curvature 
the greater, for a given electric displace- 
ment, will be the surface-density and, con- 


sequently, the lower- the limiting pressure to- 


which the terminal may be charged without 
electricity escaping into the air. Such a 
terminal I secure to an insulating support 
entering more or less into its interior, and I 


. likewise connect the circuit to it inside or, 
generally, at points where the electric den- 


sity is small. This plan of constructing and 
stipporting a highly charged conductor I 
have found to be of great practical impor- 


tance, and it may be usefully applied in many ` 


ways. 

Referring to the accompanying drawing, 
the figure is a view in elevation and part 
section of an improved free terminal and 
circuit of large surface with supporting 
structure and generating apparatus. =. | 

The terminal D ‘consists of a suitably 
shaped metallic frame, in this case a ring of 
nearly circular cross section, which. is cov- 
ered with half spherical metal plates P P, 
thus constituting a very large conducting 
surface, smooth on all places where the elec- 
tric charge principally accumulates. . The 


frame is carried by a strong platform ex- : 
` pressly provided for safety appliances, in- 


struments of observation, etc., which in turn 


rests on insulating supports Е F. "These 


should penetrate far into the hollow space 


formed by the terminal, and if the electric 


‘60 


65 


70. 


15 


density at the points where théy are bolted ` 


to the frame is still considerable, they: may 


s H. 
A part of the improvements which form 
the subject of this specification, the trans- 
mitting circuit, in its general features, is 
identical with that described and claimed in 
my original Patents Nos. 645,576 and 649,621. 
The circuit comprises a coil A which is in 
close inductive relation. with a primary С, 
and .one end of which is connected to a 
ground-plate E, while its other end is led 
through a. separaté self-induction coil B and 
a metallic cylinder B' to the terminal D. 


be specially protected by conducting hoods. - 
as H | ' : 


100 


105 


из 


. The cónnection to the latter should always 


be made at, or near the center, in order to 


_secure a symmetrical distribution of the cur- 


сл 


10 


rent, as otherwise, when the frequency is 
very high and the flow of large volume, the 
performance of the apparatus might be im- 
paired. The primary C may be excited in 
any desired manner, from a suitable source 
of currents G, which may be an alternator 
or condenser, the important requirement 


‘being that the resonant condition is estab- 


15 


20 


lished, that is to say, that the terminal D is 
charged to the maximum pressure developed 
in the circuit, as.Í have specified in my 
original patents before referred to. The ad- 
justments should be made with particular 
care when the transmitter is one of great 


power, not only on account of economy, but . 
^ also in order to avoid danger. 


T haveshown 
that it is practicable to produce in a resonat- 


. ing circuit as E A В В” О immense electri- 


2 


БС 


30 


cal activities, measured by tens and even 
hundreds of thousands of horse-power, and 
in such a case, if the points of maximum 
pressure should be shifted below the ter- 


minal D, along coil B, a ball of fire might 


break out and destroy the support F or any- 
thing else in the way. For the better ap- 
preciation of the nature of this danger it 
should be stated, that the destructive action 
may take place with inconceivable violence. 
This will cease to be surprising when it is 


` borne in mind, that the entire energy accu- 


85 


mulated in the excited circuit, instead of re- 
quiring, as.under normal working condi- 


-tions, one quarter of the period or more for 


its transformation -from static to kinetic 


. form, may spend itself in an incomparably 


40 


smaller interval of time, at a rate of many 
millions of horse power., The accident is 


-apt to occur when, the transmitting circuit 


^ being strongly excited, the impressed oseil- 


45 


lations upon it are caused, in any manner 
more or less sudden, to be more rapid than 
the free oscillations. It is therefore, ad- 
visable £o begin the adjustments with feeble 


. and somewhat slower impressed oscillations, 
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is made to coil B and conductor B 


strengthening and quickening them grad- 
ually, until the apparatus has been brought 


under perfect. control. To increase the. 


safety, I provide on a convenient place, pref- 
erably on terminal D, one or more elements 
or plates either of somewhat smaller radius 


of curvature or protruding more or less be- 


yond the others (in which case they тау. ре 


_of larger radius of curvature) so that, should 
the pressure rise to a value, beyond ‘which it 


is not desired to go, the powerful discharge 
may dart out there and lose itself harmlessly 
in the air. Such a plate, performing: a func- 
tion similar to that of a safety valve on a 
high pressure. reservoir, is indicated at V. 
Still further extending the, principles 
underlying my invention, special reference 
e 


- get forth.. el 
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latter is in the form of a cylinder with 
smooth or polished surfacé of a radius much 
larger than that of the half spherical ele- 
ments P P, and widens out at the bottom 
into a hood H, which should be slotted to 
avoid loss by eddy currents and the pur- 


pose of which will be clear from the fore- 


going. The coil B is wound on a frame or 
drum D* of insulating material, with its 
turns close together. I have discovered that 
when so wound the effect of the small radius 
of curvature of the wire itself is overcome 
and the coil behaves as a conductor of large 
radius of curvature, corresponding to that 
of the drum. This feature is of consider- 
able practical importance and is applicable 
not only in this special instance, 
erally. For example, such plates at PP 
of terminal D, though preferably of large 
radius of curvature, need not be necessarily 
so, for provided only that the individual 


but gen- - 


90 


5 


plates or elements of a. high potential con- - 


ductor or terminal are arranged in prox- 
imity to each other and with their outer 
boundaries along an ideal symmetrical en- 
veloping surface of a large radius of curva- 
ture, the advantages of the invention will 


be more or less fully realized. The lower 


end of the coil B—which,.if desired, may 


‘be extended up to the terminal D—should 


be somewhat below the uppermost turn of 
coil A. This, I find, lessens the tendency of 
the charge to break out from the wire con- 
necting both and to pass along the sup- 
port F”. ^ 
Having described my invention, I claim: 
1. As a means for producing, great elec- 
trical. activities a resonant circuit having 
its outer conducting boundaries, which are 
charged to a high potential, arranged in 
surfaces of large radii of curvature so as 


to prevent leakage of the oscillating charge, - 


substantially as set forth. | 
2. In apparatus for the transmission of 
electrical energy a circuit’ connected to 


ground and to an elevated terminal and 


having its outer conducting boundaries, 
which are subject to high tension, arranged 
in surfaces of large radii of curvature sub- 
stantially as, and for the purpose described. 

8, In a plant for the transmission of elec- 


1. 


15 


pa 


trical energy without wires, in combination | 
with a primary or exciting circuit a second- . 


ary connected to ground and to an elevated 


terminal and having its outer condueting 
boundaries, which aré charged to a high 
potential,arranged in surfaces of large radii 
of curvature for thé. purpose of preventing 
leakage and. los& 


4, Asa means for transmitting electrical 
energy to a distance through the. natural 


media а grounded -résonant circuit, čom- 
prising a part upon which .oscillations. are 
impressed and another 


б 


for raising the ten- 


of energy, substantially as ` 


20 
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130: 
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sion, having its outer conducting boundaries 
on which a high tension charge accumulates 
arranged in surfaces of large radii of curva- 
ture, substantially as descrived. | 

‘5. The means for producing excessive 
electric potentials consisting of a primary 
exciting circuit and. a resonant secondary 
having its outer conducting elements which 
are subject to high tension arranged in prox- 
imity.to each other and in surfaces of large 
radii of curvature so as to prevent leakage 
of the charge and attendant lowering of po- 
tential, substantially as described. | 

6. A circuit comprising a part upon which 
oscillations are impressed and another part 
for raising the tension by resonance, the · 
latter part.being supported on places of low 
electric density and having its outermost: 


‘ conducting boundaries arranged in surfaces 


20 


28 


of large radii of curvature, as set forth. 
T. ln apparatus for the transmission of: 


‘electrical energy without wires a grounded 


circuit the outer conducting elements of 
which have a great aggregate area and are 
arranged in surfaces of large radii of curva- 
ture sò as to permit the storing of,a high 
charge at a small electric density and рге-. 
vent loss through leakage, substantially as > 
described. ` 


8. À wireless transmitter comprising in 


. combination a source of oscillations as a 


condenser, a primary exciting circuit and a 
secondary grounded and elevated conductor 
the outer conducting boundaries of. which 
are in proximity to each other and arranged 
in surfaces of large radii of curvature, sub- 
stantially as described. f . 

` 9. In apparatus for the transmission of 
electrical energy without wires an elevated 
conductor or antenna having its outer high 
potential conducting or capacity elements 
arranged in proximity to each other and in 
surfaces of large radii of curvature so as £o 
overcome the effect of the small radius of 
curvature of the individual elements and 


‘leakage of the charge, as set forth. 


10. А grounded resonant transmitting 
circuit having its outer conducting bound- 


aries arranged in surfaces of large radii. 


of curvature in combination with an ele- 
vated terminal of great surface supported 


‘at. points. of low electric density, substan- 


tially as described. 
| | NIKOLA TESLA. 
Witnesses: E | 
© M. Lamson DYR,- 
Rıcnard DONOVAN. 
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To all whom it may concern: 

Be it known that I, Nrxoua Trswa, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Speed-Indicators, of which 
the following is a full, clear, and exact de- 
scription. 

In the provision of speed indicators, that 
give direct readings of rate of motion,— 
for example shaft speeds in terms of revolu- 
tions per minute or vehicle speeds in miles 
per hour—it is obviously important that the 
instrument be simple, inexpensive and du- 
rable, and that its indications be correct 
throughout a wide range of speed. Likewise 


it is very desirable that its operation shall 


be subject to little or no appreciable devia- 
tion from accuracy under normal or ex- 
pected extraneous changes, such as those of 
atmospheric density, temiperatute, or mag- 
netic influence, in order that the structure 
may be free from any complications inci- 
dent to the employment of specific means 
compensating for such varying conditions. 

y present invention supplies a speed 
measuring appliance amply satisfying com- 
mercial demands as above stated, in a struc- 
ture wherein the adhesion and viscosity of 


.& gaseous medium, preferably air, is utilized 


for torque-transmission between the driving 
and driven members. 

More particularly, my invention provides 
a rotatable primary and a mechanically re- 
sistant or biased pivoted secondary element, 
cooperating through an intervening fluid 


medium to produce, inherently, without the 


usé of compensating instrumentalities, 
angular displacements of the secondary ele- 
ment in linear proportion to the rate of rota- 


-tion of the primary, so that the reading 


scale may be uniformly graduated. This 
latter advantage is secured through the ap- 


‘plication of novel principles, discovered by 


me, which will be presently elucidated. . 
In investigating the effects of fluids in 


‘motion upon rotative systems I have ob- 


served that under certain conditions to be 
hereafter defined, the drag or. turning 
effort exerted by the fluid is exactly pro- 


‘portionate to its velocity relative to the 


system. "This. I have found to be true of 
gaseous and liquid media, with the distinc- 
tion however, that the limits within which 
the law holds good are narrower for the 
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latter, especially so when the specific gravity 

or the viscosity of the liquid is great. 
Having determined the conditions under 

which the law of proportionality of torque 


to speed (rather than to the square of the. 


speed or to some higher exponential func- 
tion of the same) holds good, I have applied 
my discoveries in the production of new de- 
vices—essentially indicators of speed but 
having wider fields of use—which are, in 
many aspects, superior to other forms of 
speedometers. 

Specifically I have devised rate-of-motion 
indicators which comprise driving and 
driven members with ‘confronting, closely- 
adjacent, noncontacting, smooth, annular 
surfaces of large area, coacting in the trans- 
mission of torque through the viscosity and 
adhesion of interposed thin films of air,— 
mechanical structures offering numerous 
constructive and operative advantages. 
Furthermore, by properly designing and co- 


-ordinating the essential elements of such in-. 


struments I have secured substantial linear 
proportionality between the deflections of 
the indicating or secondary element and the 
rate of rotation of the driving or primary 
member. | | | 

The conditions more or less indispensable 
for this most perfect embodiment of my in- 
vention—that is to say, embodiment. in & 
speed indicator approximating rigorous 
linear proportionality of deflection to speed— 
are: 

1. The arrangement should be such that 
the exchange of fluid acting on the system 
is effectively prevented or minimized. If 
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new fluid were permitted to pass freely be- - 


tween the elements there would be, as in a 
pump, with the rise and fall of velocity, 
corresponding changes of quantity and the 
torque would not vary directly as the , 
but as an exponential function of the same. 
Broadly speaking, such provision as is com- 
monly made in hydraulic brakes for free cir- 
culation of fluid with respect to the rotative 
system, with the attendant acceleration and 
retardation of the flow, will generally pro- 
duce a torque varying as the square of the 
speed, subject however, in practice, to in- 
fluences which may cause it to change ac- 
cording to still higher powers. For this 
reason confinement of the fluid intervening 
between the primary and secondary elements 
of the system so that such active, torque- 
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transmitting medium may remain resident, 
and not be constantly renewed, is vital to 
complete attainment of the desired linear 
propertionality. . . 

2. 'The spaces or channels inclosing the ac- 
tive medium should be as narrow as prac- 
ticable, although within limits this is rela- 
tive, the range of effective separation in- 
creasing with the diameter of the juxtaposed 
rotative surfaces. My observations have es- 
tablished that when the spacing is so wide 
as to accommodate local spiral circulation 
in the resident fluid between the confront- 
ing areas, marked departures from rigorous 
proportionality of torque to speed occur. 
Therefore in small instruments with pri- 
mary members of but few inches diameter, 
it is desirable that the channels should be as 
narrow as is mechanically feasible with due 
regard to the importance of maintaining the 


noncontacting relation of the rotative parts. 


8. The velocity of the fluid relative to the 
system should be as small as the circum- 
stances of the case will permit. When a gas 
such as air is the active medium, it may be 
100 feet per second or even more, but with 
liquids speeds of that order cannot be used 
without detriment. | 

4. 'The bodies exposed to the action of the 
fluid should be symmetrically shaped and 
with smooth surfaces, devold of corners or 
projections which give rise to destructive 
eddies that are particularly hurtful. 

5. The system should be so shaped and 
disposed that no part of the moving fluid ex- 
cept- that contained in the spaces or channels 
can effect materially the torque. If this 
rule is not observed the accuracy of the in- 
strument may be impaired to an apprecia- 
ble degree, for even though torque trans- 
mission between the confronting surfaces 
is proportional, there may yet be a com- 
ponent of the rotary effort (through the 
fluid coacting with the external surfaces) 
proportional to an exponential function of 
the speed. Hence it is desirable that by a 
closely investing casing, or other means, the 
torque-transmitting effect of fluid outside of 
the channels between the rotative parts be 
minimized. 

6. In general the flow of the medium 
should be calm and entirely free from all 
turbulent action. As soon as there is a 
break of continuity the law above stated 
is violated and the indications of the device 
cease to be rigorously precise. 

These requirements can be readily ful- 
filled and the above discoveries applied to a 
great many valuable uses, as for indicating 
the speed of rotation or translation, respec- 
tively, of a shaft, or a vehicle, such as an au- 
tomobile, locomotive, boat or aerial vessel; 
for determining the velocity of a fluid in 
motion; for measuring the quantity of flow 
in steam, air, gas, water or oil supply; for 


1,209,359 


ascertaining the frequency of mpchanical 
and electrical impulses or.oscillations; for 
determining physical constants; and for 
numerous other purposes of scientific and 
practical importance. 

‘The nature and object of the invention 
will be clearly understood from the succeed- 
ing description with reference to the accom- 
panying drawings in which: 

_ Figure 1 represents a vertical cross sec- 
tion of a speed indicator or hand tachom- 
eter embodying the above principles; Fig. 
2 1s a horizontal view of the instrument dis- 
closing part of the scale, and Figs. 8 and 
4 are diagrammatic illustrations showing 
modified constructions of the main parts in 
a similar device. | 

Referring to Fig. 1, 1 is a pulley-shaped 
metal disk from three to four inches in di- 
ameter constituting the freely-rotatable pri- 
mary element. It is fastened to a drive- 
shaft 2 which is turned to fit a hole in the 
central hub 3 of the casting 4. A ball bear- 
ing 5 set in a recess of the former, serves 
to take up the thrust against the shoulder 
6 of the shaft and insures free running of 
the same. In close proximity to the disk 
1 is the thin shell 7 in the form of a cup, 
this being the secondary element of the sys- 
tem. It is made of stiff and light material, 
as hard aluminum, and is fixed to a spindle 
8, supported in nearly frictionless bearings 
or pivots 9 and 10. Ав before remarked 
the spacing between the two elements, (1 
and 7), should best be as small as manufac- 
turing conditions may make feasible. By 
way of example, a separation,—in an in- 
strument of the diameter suggested,—of say 
015^ to .025'^ will be found effective for 
working purposes and also within a reason- 
able range of inexpensive mechanical attain- 
ment. Still smaller spacing is, however, 
theoretically desirable. One of the bear- 
ings aforesaid is screwed into the end of 
the shaft 2 and the other into a plug 11 in 


‘a slotted tubular extension 12 of a casting 


13. The running bearing in the shaft, 
though not of perceptible influence on the 
indications, may be replaced by a stationary 
support behind and close to shell 7, as at 8. 
A torsional spring 14 is provided, for bias- 
ing the pivoted element 7, having its ends 
held in collars 15 and 16, which can be 
clamped, as by the set screws shown, the one 
to the spindle 8 and the other to the plug 
11. Тһе bearings 9 and 10 are capable of 
longitudinal adjustment and can be locked 
in any position by check nuts 17, and 18, 
but this refinement is generally unnecessary. 
The castings 4 and 13, in the construction 
specifically shown, when screwed together 
form a casing that closely invests the rota- 
tive system. This casing forms one avail- 
able means for preventing communication 
of torque from the primary element 1 to the 
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secondary member 7 through the medium 
contacting with the external surfaces. of 
both, to any extent sufficient for materially 
modifying the torque due to the films be- 
tween the elements, but other means to this 
end may be substituted. The chamber in- 
closed within the casting should be air- 


` tight for highest accuracy in order that the 


10 


density of the contained medium may re- 
main constant, although in the vast, major- 
ity of cases where air is used as the active 
agent, the slight effects of ordinary changes 
of temperature and^density of the external 


; atmosphere can be ignored, as. they are in 
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a measure neutralized by the concommitant 


variations in the resilience of the torsional _ 
‘spring and as they do not seriously affect 


the proportionality of. deflections observed. 


However, when great precision is essential, 


a seal 19 of suitable packing, paste or amal- 
gam may be employed. Obviously the work- 
Ing parts may be contained in a separate, 
perfectly tight reservoir filled with fluid 
of any desired character, the rotating mem- 
ber or disk 1 being driven by a magnet out- 


side. This expedient has been adopted in 


numerous instances and is quite familiar. 
The casting 4 has a window or opening 20, 
closed by. a piece of transparent substance, 
such as celluloid, for énabling the readings 
to be made on the scale which is engraved 
upon. or glued to the rim of the indication- 
controlling element or shell 7 The shaft 2 
is armed with a steel or rubber tip 21, and a 
handle 22 of fiber. or other material is fas- 
tened to the central hub of casting 13, com- 


. pleting the hand tachometer. 


. Fig. 2 in which like numbers designate 
corresponding parts is self-explanatory. 

Attention may be called to the pointed in- 
dex 93 placed jn the opening 20 and mark- 
ing, when the instrument is not in use, zero 
on the scale. The latter can be readily put 
in proper position by turning the collar 16 
to the desired angle. 


As described the device is adapted for’ 


use in the manner of an ordinary hand 
tachometer. In taking the revolutions of a 
shaft, the tip 21 is placed firmly into the 
central cavity of the former, as usual, with 
the result of entraining the disk 1 and bring- 
ing it to full speed by friction. The active 
medium, preferably air, in the narrow chan- 
nels between the rotating and pivoted mem- 
bers, by virture of its adhesion and vis- 
cosity, is set in circular motion by the pri- 
mary element, and, giving up the momentum 
imparted to it on the light secondary shell 7, 
causes the latter to turn until the torque 
exerted is balanced by the retractile force. of 
spring 14. Care should be taken to em- 
ploy a spring the resistance of which in- 
creases linearly with displacement, so that 


.the deflections are exactly proportionate to 


the torsional effect, as otherwise the indi- 


cations will not be true to scale, even though 
the instrument be prefect in other respects. 
In order that the torque should vary rigor- 
ously as the speed, the fluid particles in the 
minute channels between the rotating and 
pivoted members should move in circles and 
not in spirals, as necessarily would be the 
case in a device in which pumping action 
could take place, and. either by making 
both the primary and secondary elements 


'effectively-imperforate to prevent central 


admission of air, or otherwise so con- 
structed and conditioned that air may not 
freely pass from center to periphery be- 
tween the elements of the moving system 
unchanging residence of a definite body 
of the active medium within the sys- 
tem is insured. ` Where pumping action,— 
that is to say, acceleration or retardation 
of fluid movement other than circularly 
with the primary element,—takes place 
the deflections increase more rapidly than 
the speed. It follows that centrifugal force, 
which is the essential active principle in 
pumping, must be negligible to avoid com- 
pression of the air at the periphery which 
might result in a sensibly increased torque. 
To appreciate this, it should be borne in 
mind that the resistance of a circular strip 
of the active area would, under such con- 
ditions, be proportionate to the fourth power 
of the diameter so that a slight compression 
and attendant increase of density of the 
medium in the peripheral portion . would 
cause a noticeable departure from rigorous 
proportionality. Experience has demon- 
strated that when the space i$ very narrow, 
as is indispensable for the fullest attain- 
ment of the desired proportionality, the cen- 
trifugal effect of the active fluid, be it gase- 
ous: or liquid, is so small as to be unobserv- 
able. The inference is that the actions in the 
narrow space between the rotative members 
are. capillary or molecular and wholly dif- 
ferent in principle from those taking place 
in a pumping device in which the fluid 
masses are alternately retarded and accele- 
rated.. The scale, which, as will be apparent 
from the preceding, is uniform in an instru- 
ment best embodying my invention, may 
be so graduated that each degree corresponds 
to a certain number of revolutions per unit 
of time, and for convenience, (in shaft-speed 
indicators as herein shown), the constant 
is made a round number, as 100. The es- 
tablishment of this relation through the ad- 
justment of the torsional spring is facili- 
tated by varying the distance between the 
parts 1 and 7, thus modifying the torque 
and consequently the deflection, (the torque 
varying inversely as the distance) while al- 
ways keeping within the range throughout 
which linear proportionality is attainable. 
In calibrating it is necessary to make but 
one observation comparative with some posi- 
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tive standard and to plot the balance of the 
scale accordingly.. The conditions above set 
forth being realized, the reading will be ac- 
curately proportionate to the speed and the 
constant will be correct through the whole 
range contemplated in the design. Therein 
lies a very important advantage bearing 
on manufactüre and introduction of devices 
of this character over those now in use 
which are based on an empirical scale, tedi- 
ous to prepare, and unreliable.. When de- 
sired, the instrument may be rendered, dead 
beat through magnetic or mechanical damp- 
ing, but by making the torque very great, 
and the inertia of the secondary element 
very small, such objectionable complication 
may be avoided. With a given separation 
the turning effort is proportionate to the 
product of the velocity of rotation, the den- 


sity of the fluid and the aggregate area of 


thé active surfaces, hence by increasing 
either of these factors the torsion can be 
augmented at will. It obviously follows that 
the pull exerted on a circular disk will be 
as the third power of the diameter and one 
way of attaining the object is to use à large 

Other and better ways are illus- 
trated in Figs. 3 and 4 in which the rotating 
and pivoted elements are composed of inter- 
leaved disks or cylinders. Тһе first ar- 
rangement permits an indefinite increase of 
the torque, the second commends itself 
through the facility of adjustment of the 
force by varying the active area. 

For many reasons it is decidedly advan- 
tageous to employ air as the agent in an in- 
strument intended for popular purposes, 
especially those involving rough use and in- 
expert handling, since thereby the cost of 
manufacture may be kept low, the need for 
ensealing minimized and susceptibility of 
the parts to easy disassembling and replace- 
ment attained. It is, therefore, desirable 
that the annular confronting surface of the 
elements,—whether of disk or cylindrical 
form,—be sufficiently extensive for securing 
ample torque to make the instrument ap- 
proximately dead beat and to minimize the 
percentage of error due to mechanical im- 
perfections. 

'The foregoing description contains, I be- 
lieve, all the information necessary for en- 
abling an expert to carry my invention into 
successful practice. When using the indi- 
cator in the manner of an ordinary vehicle 


. Speedometer, as in an automobile, the shaft 


2 is rigidly or flexibly geared to the driving 
axle or other suitable part and readings are 
made in miles per hour, as is customary. As 
will be apparent many other valuable uses 
may be served, since the primary element 
may be connected in suitable electrical or 
mechanical manner with any rotating part, 
the speed of which may be translated 
through a linearly proportionate constant 
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into the desired terms of time and quantity, 
and the reading scale may be calibrated in 
such terms. It will also be evident that by 
accurate workmanship, following the teach- 
ings of my invention, instruments at once 
simple, rugged, and scientifically accurate 
may be constructed for a very wide range of 
uses in either huge or tiny sizes; and, since 
the commercial requirements of accuracy in 
many fields gives a reasonable range of 
permissive error, manufacturing considera- 
tions may lead to deviations from strict ob- 
servance of some of the conditions that I 
have indicated as best attaining a rigorous 
proportionality of reading. The provision 
of simple mechanical elements, codperating 
primarily only through the viscosity and 
adhesiveness of the air films intervening 
therebetween and substantially free from 
need for ensealing and from error caused by 
changes of extraneous conditions, especially 
temperature, affords striking commercial 
advantages unattainable in any form of 
speedometer of which I am aware. There- 
fore while I have described in detail for the 
purpose of full disclosure a specific and 
highly advantageous embodiment of my in- 
vention, it will be understood that wide 
variations in the mechanical development 
thereof may be made without departure 
from its spirit within the scope of the ap- 
pended claims. 

` What I claim is: 

1. In combination, fixed supporting 
means, disconnected alined driving and 
driven shafts rotatably mounted in said sup- 
porting means, relatively thin spaced rigid 
pieces of material rigidly connected to and 
arranged coaxially about said driven shaft 
with broad surfaces opposite each other, and 
other relatively thin spaced rigid pieces of 
material rigidly connected to and arranged 
coaxially with the driving shaft, and being 
alternated with the first-mentioned pieces 
between them and having their broad sur- 
faces adjacent to and spaced from the broad 
surfaces of said other pieces, said pieces all 
arranged in air, through which torque is 
frictionally transmitted from the second- 
mentioned pieces to those first-mentioned. 

2. In combination, in a speedometer, dis- 
connected alined driving and driven shafts, 
a fixed support, said shafts being mounted 
in said support, a coiled spring having one 
end secured to said fixed support and the 
other end secured to said driven shaft, rela- 
tively thin spaced rigid pieces of material 
rigidly connected to and arranged coaxially 
about said driven shaft with their broad 


-surfaces opposite each other, other rela- 


tively thin spaced rigid pieces of material 
rigidly connected to and arranged coaxially 
with the driving shaft, and being alternated 
between said first-mentioned pieces and 
spaced therefrom, and an air body filling 
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the spaces between said pieces and consti- 
tuting 


. medium therebetween. 
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3. In combination; in a speedometer, dis- 


‘connected alined driving and driven shafts, 


a frame having bearings for said shafts, a 
coiled spring whose inner end is secured to 
said driven shaft and having its outer end 
secured to said frame, spaced rigid pieces of 
material rigidly connected to and arranged 
about said driven shaft, and other spaced 
rigid pieces of material rigidly connected to 
and arranged about said driving shaft, the 
former pieces being alternated between the 
latter pieces in spaced relation with their 
broad surfaces in close juxtaposition, and 
with the interspaces between said spaced 
pieces forming a convoluted air-containing 
channel therebetween open to the surround- 
ing air. | 


4. In. combination, disconnected alined 


‘driving and driven shafts, a fixed support, 


bearings therefor in said support, a coiled 
spring having one end secured to the driven 
shaft and its other end secured to said fixed 
support, a cup-shaped body secured to one 
end of said driving shaft coaxially, spaced 
rigid relatively thin plates secured to said 
body in parallel relation to each other, an- 
other cup-shaped body secured coaxially to 
said driven shaft and inclosing said plates 
at their outer edges in spaced relation there- 
to, other spaced rigid relatively thin plates 
secured to the second-mentioned body and 
extending between the first-mentioned plates 
in spaced relation thereto, and an air body 
filling the spaces between said pieces fric- 
tionally to transmit torque from the driving 
structure to the driven structure. | 

5. 'The combination with means for sup- 
port and driving and driven shafts rotata- 
bly supported thereby, of means to trans- 
mit torque from the driving shaft to the 
driven shaft comprising opposed material- 
pieces respectively connected with the driv- 
ing shaft and the driven shaft and arranged 
to present toward each other relatively-ex- 
tensive, non-contacting, closely-adjacent sur- 
faces, and a gaseous medium in which said 
pieces work, said gaseous medium serving 
frictionally to connect the said opposed ma- 
terial-pieces for transmission of torque from 
the driving shaft to the driven shaft. 

6. In combination, driving and driven ele- 


ments suitably supported and having con- 


fronted annuli always. presenting to each 
other relatively-extensive, non-contacting, 


'elosely-adjacent surfaces, said surfaces dis- 


posed in a gaseous friction medium, where- 
by the driving member, by its rotation, in- 
duces rotary motion of the driven member 
through the drag of the gaseous medium in- 
tervening between said annuli. 

7. In combination, driving and driven ele- 
ments having in opposed, closely adjacent, 


the torque-transmitting friction 


о. 


non-contacting relation, relatively extensive 


` friction surfaces, and an interposed gaseous 
body, through which the driving member 


frictionally drags the driven element. 

`. 8. In a speedometer, the combination with 
supporting means, separately-rotatable driv- 
ing and driven shafts mounted therein, bias- 


70 


ing means for the driven shaft, and means . 


to indicate rotary displacement of the biased 
Shaft in terms of speed, of pieces rotatively 
carried by said respective shafts, having 
relatively-extensive, non-contacting, closely- 
adjacent surfaces arranged to confront each 
other, and a gaseous medium intervening be- 
tween said confronting surfacés to coact 
therewith frictionally to transmit torque 
from the driving shaft to the biased driven 
shaft. 

9..In a speedometer, the combination of 
a primary element rotatable at varying 
speeds, having a plurality of spaced annuh, 
& biased secondary element, arranged for 


separate rotary movement and adapted and. 


arranged to indicate speed variations by the 
extent of its displacement, said secondary 
element having a plurality of spaced, thin, 
light annuli, the annuli of said two elements 
interleaved in non-contacting, closely-adja- 
cent relation always to present toward each 
other extensive friction surfaces, and an 
air body, through the films of which, inter- 
vening between said annuli, rotation of the 
primary element may induce speed-indicat- 
ing displacement of the secondary element. 

10. À speedometer wherein a primary, 
variable-speed element, and a biased, speed- 
indication-controlling secondary element, 
that are suitably supported for. separate 
movement, have opposed extensive friction 
surfaces in non-contacting juxtaposition for 
frictional communication of power from the 
primary element to the secondary element 
through a gaseous medium that intervenes 
between said friction surfaces. 


11. An air drag speedometer, wherein a 


variable-speed element and a 


primary, 


‘biased speed-indication-controlling second- 


ary element, that are suitably mounted for 
separate rotary movement in an air-contain- 
ing casing, have opposed, extensive fric- 
tion-surfaces in non-contacting juxtaposi- 
tion, for frictional communication of torque 
from the primary element to the secondary 
element through the medium of the casing- 
contained air. | 

12. In a speedometer, the combination of 
an air containing casing, a primary element 
and a secondary element mounted in said 
casing for separate movement, said elements 
having extensive surfaces exposed toward 
each other in closely contiguous but non- 
contacting relation for frictional communi- 
cation: of power to one from the other 
through the intervening air, means resili- 


ently to resist displacement of the second-: 
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ary element, and means to indicate displace- 
ment of the secondary element in terms of 
speed. 

13. In combination, in a speedometer, 
disconnected shafts respectively carrying 
driving and driven elements that have an- 
nuli affording continuous extensive fric- 
iion surfaces in always confronting non- 

contacting  closely-spaced relation, the 

driven element being light and biased by a 
light spring, for ready response to torque 
transmitted frictionally by air, and the air 
film-spaces between the elements constitut- 
ing an open tortuous channel; and an air 
containing casing inclosing the driving and 
driven elements, its contained air body form- 
_ ing the sole effective means of torque trans- 
mission between the elements. 

14. In a speedometer, the combination of 
rotatable driving and driven elements hav- 
ing in opposed, closely-adjacent non-con- 
tacting relation, relatively extensive friction 
surfaces, means to bias the driven element, 
means to indicate rotary displacement of 
said driven element in terms of speed, a cas- 
ing inclosing said elements and containing 
air, said contained air body extending in 
films between the friction surfaces, and 
forming the sole effective means of torque 
transmission between the driving and 
driven elements. 

15. In combination, driving and driven 
elements having in opposed non-contacting 
relation relatively extensive friction sur- 
faces so closely adjacent that through an in- 
terposed gaseous body the driving member 
frictionally drags the driven member with 
a torque linearly proportionate to the speed 
of the former. 

16. A rate indicator wherein a freely-ro- 
tatable primary and a biased, indication- 
controlling secondary member, suitably sup- 
ported for separate movement, have op- 
posed, non-contacting surfaces in such close 
proximity that through an intervening vis- 
cous fluid medium torque is transmitted to 
the secondary member in linear proportion 
to the speed of the primary. 

17. A rate indicator wherein a freely ro- 
tatable primary and a biased, indication- 
controlling secondary element, suitably sup- 
ported for separate movement are opera- 
tively linked through an intervening vis- 
cous and adhesive air body, said elements 
having opposed, extensive non-contacting 
surfaces so closely adjacent that the torque 
transmitted to -the secondary element 
through said air body is substantially in 
Mnear proportion to the speed of the pri- 
mary element. . 

18. In a speed indientor the combination 
of two rotatively movable. driving and 
driven members having opposed non-con- 
tacting extensive surfaces confining between 


` 65 them a practically constant body of torque- 


combination, a rotatable body, a secon 
^gularly movable body, means to resist dis- 
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transmitting fluid medium, said surfaces be- 
ing so closely proximate that the torque 


transmitted from the driving to the driven 


member is substantially proportional to the 
rate of rotation of the former. | 

19. A speed indieator comprising, in 
an- 


placement of the latter proportionately to 
the torque applied thereto, and a fluid me- 
dium interposed between them, said bodies 
having opposed annular surfaces in such 
close proximity that pumping -of the me- 
dium therebetween is prevented and the de- 
flections of the second body are made pro- 
portionate to the speed of the other. 

20. A speed indicator, comprising, in 
combination, a rotatable, variable speed pri- 
mary element, and a light, pivoted, tor- 
sionally-resisted, indication-controlling sec- 
ondary element, suitably mounted for sepa- 
rate movement and operatively linked with 
the former through an interposed gaseous 
medium, said elements having opposed, an- 
nular, non-contacting surfaces so extensive 
and closely proximate that the whirling me- 
dium exerts a strong and steady turning 
effort upon the secondary element, substan- 
tially .in linear proportion to the speed of 
the primary. 

21. The combination, in a rate indicator, 
of a freely rotatable primary and a tor- 
sionally-resisted indication controlling sec- 
ondary member mounted for separate move- 
ment; with their opposed non -contacting 


symmetrical surfaces confining therebe- 


tween a resident fluid body and arranged in 
such close proximity that the fluid, en- 


. trained in circles by the rotating primary 


exerts a torque on the secondary member 
in substantially linear proportion to the 
speed of the former. 

22. In combination, in a speed-indicator, 
a rotatable primary element, a biased sec- 
ondary element, a fluid body between and 
around them, said elements having opposed 
non-contacting extensive surfaces in such 
close proximity that the resident fluid body 
therebetween. transmits torque to the second- 
ary in substantially linear proportion to the 
speed of the primary element, and means 
for minimizing the rotary effort transmitted 
through the fluid around the elements. 

98. A rate indicator comprising a struc- 
ture confining a substantially unchanging 
body of fluid and including an extensive 
annular surface of a freely rotatable mem- 
ber, arranged to impart circular motion to 
the fluid, and a confronting annular sur- 
face of an indication-controlling angularly- 
displaceable member, arranged. to take up 
momentum of the fluid, said surfaces be- 
ing so closely proximate that the torque 
transmitted through the fiuid is ,propor- 
tional to the speed of the rotatable member. 
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24. A speed indicator comprising two ele- 
ments mounted for separate movement in a 
fluid medium, one of the elements being 
freely rotatable at varying speeds, and the 
other pivoted and biased against angular 
displacement, said elements having opposed 
non-contacting extensive symmetrical sur- 
faces in such close proximity that torque is 
transmitted through the intervening fluid 
body in substantially linear proportion to 
the speed of the primary element, and a 
member surrounding said elements and 
minimizing the flow of the fluid: along the 
exterior surfaces of said secondary element. 

25. In a device of the character described, 
the combination of a rotatable primary ele- 
ment, a spring-biased secondary element, a 
casing surrounding the same and a fluid 
body filling the casing, said elements having 
opposed non-contacting annular surfaces in 
such close proximity that the rotary effort 
exerted through the fluid body on the sec- 
ondary element is proportionate to the 
speed of the primary element, some parts of 
said casing being so closely proximate to said 
elements as to minimize torque-transmitting 
flow of the fluid along the exterior surfaces 
of the secondary element. 

26. An air drag speedometer wherein a 
rotatable primary variable-speed element 
and a biased pivoted secondary element, 
mounted for separate movement in an air- 
containing casing, have opposed extensive 
smooth annular surfaces in such close juxta- 
position that torque is transmitted through 
the air intervening between said surfaces in 
substantially linear proportion to the speed 
of the rotatable primary element. 

27. A speed indicator comprising a closed 
fluid-filled casing, primary and secondary 
elements mounted therein, the one for rota- 
tion and the other. for torsionally resisted 
angular displacement, said elements having 
opposed non-contacting extensive annular 
surfaces forming therebetween a smooth in- 
tervening channel wherein confined fluid 
may move in circles under the influence of 
the primary member, and between them and 
the interior surfaces of the casing surround- 
ing channels wherein fluid contiguous to the 
secondary element may receive circular 
movement from the primary element, said 
surfaces being so closely proximate that 
torque transmission through the fluid is 
linearly proportionate to the speed of the 
primary element. 

28. The combination, in a в 


indicator, 
of a closed casing, a fluid 


y and two ro- 


tatively-movable members therein, means 
for rotating one of the members, means 
for resisting displacement of the other, and 
means controlled by the last named member 


7 


for reading its displacement in terms of 
speed, said two members having opposed, 
non-contacting imperforate annular surfaces 
in such close proximity as to confine there- 
between a film of fluid through which torque 
is transmitted to the resistant member in 
linear proportionality to the speed of the 
rotatable member. ^ 

29. The combination with a closed fluid 
containing casing, of a plurality of sym- 
metrical bodies with smooth surfaces rota- 
tably mounted therein, means for tor- 
sionally restraining some of said bodies, and 
means for rotating the others, said bodies 
being placed with their surfaces in such close 
proximity to each other and to the walls of 
the casing that the rotating bodies will cause 
an even and undisturbed circular motion of 
the fluid and transmit torque to the torsion- 
ally restrained bodies in proportion to the 
speed of the others. 

30. In a speed measuring instrument, the 
combination of driving and driven members 
having in opposed closely adjacent non-con- 
tacting relation relatively extensive smooth 
friction surfaces, and an interposed gaseous 
body through which the driving member 
frictionally drags the driven member. 

31. A tachometer comprising, in combi- 
nation, a rotatably mounted shaft, a smooth 
annular body fixed thereto, a similar pivoted 
body, .a torsion spring for the latter, indi- 
cating means movable with said pivoted 
body, and an air-containing casing, said 
bodies having their annular surfaces in such 
close, non-contacting proximity that the in- 
tervening air transmits torque to the pivoted 
body in substantially linear proportion to 
the speed of the rotatable body. 

82. А. tachometer comprising, in combi- 


nation, a rotatably mounted shaft, a primary 


element carried thereby, a pivoted secondary 
element, a torsion spring therefor permit- 
ting its angular displacement substantially 
in proportion to the torque, indicating 
means operated by the pivoted element and 
graduated with substantial uniformity, and 
a fluid-containing casing closely investing 
part of said rotative system, the opposed 


Surfaces of the elements being so closely 


proximate to each other and to part of the 
casing that the fluid- transmitted torque 
causing deflections of the pivoted body is 
substantially proportionate to the speed of 
the primary element. 27 

In testimony whereof I affix my signature 
in the presence of two subscribing witnesses. 


` NIKOLA TESLA. 
Witnesses: 
M. Lawson Dyer, 
Trromas J. Byrne. 
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To all whom it may concern: . 
Be it known that I, NikorA TrsrA, a citi- 
at New 


York, in the county and State of New York, 


have invented certain new and useful Im- 


provements in Lightning - Protectors, of 
which the following is a full, clear, and ex- 
act description. | 


The object of the present invention is to 


‘provide lightning protectors of.a novel and 


improved design strictly in conformity with 
the true character of the phenomena, more 
efficient in action, and far more dependable 
in safe-guarding life and property, than 
those heretofore employed. 


_ To an understanding of thé nature of my. 
invention and its basic distinction from the 


lightning rods of common use, it is nec- 
essary briefly to explain the principles upon 
which my protector is designed as contrast- 


ed with those underlying the now-prevail- 


ing type of lightning rod. 

Since the introduction of the lightning 
rod by Benjamin Franklin in the latter 
part of the eighteenth century, its adoption 
as a means of protection against destructive 
atmospheric discharges has been practically 
universal. Its efficacy, to a certain degree, 


has been unquestionably established through ` 


statistical records but there is generally 
prevalent, nevertheless, a singular theoreti- 
cal fallacy as to its operation, and. its con- 
struction is radically defective in orie -fea- 
ture, namely its typical pointed terminal. 
In my lightning protector I avoid points, 
and use an entirely different type of ter- 
minal. s 

- According to the prevailing opinion, the 
virtue of the Franklin type of lightning rod 


‘is largely based on the property of points or 


sharp edges to give off electricity into the 
air. As shown by Coulomb, the quantit of 
electricity per unit area, designated by him 


"electrical density" increases as the radius 


of curvature of the surface is reduced. Sub- 
sequently it was proved, by mathematical 
analysis, that the accumulated charge cre- 
ated an outward normal force equal to 2m 
times the square of the density, and experi- 
ment has demonstrated that when the latter 
exceeds approximately 20 C. G. S. units, a 
streamer or corona is formed.. From these 
observations and deductions it is obvious 
that snch may happen at a comparatively 
low pressure if the conductor is of extremely 


Specification of Letters Patent. . ;Patented May 14, 1918. 
Application filed May 6,1916. Serial No. 95,830. ` 


small radius, or pointed, and it is pursuant ` 


to a misapplication of these, and other, 


truths that the commercial lightning rod of 


today is made very slender and pointed. My 
invention, on the cóntrary, while taking 
cognizance of these truths, correctly applies 
theni in the provision of a lightning pro- 
tector that distinctively affords an elevated 
terminal having its outer conducting boun- 


-daries arranged on surfaces of large radii 


of curvature on two dimensions.. The prin- 
ciples which underlie my invention and cor- 
rect application of which dictate the form 
and manner of installation of my protector, 
I will now explain in contrast with-the con- 
ventional pointed lightning rod. `, , 

In permitting leakage into the air, the 
needle-shaped lightning-rod is popularly 
believed to perform two functions: one to 
drain the ground of its negative electricity, 
the other to neutralize the positive of the 
clouds. To some degree. it does both. But 
a systematic study of electrical disturbances 
in the earth has made it palpably evident 
that the action of Franklin’s conductor, as 
commonly interpreted, is chiefly illusionary. 
Actual measurement proves the quantity of 
electricity escaping even from many points, 
to be entirely insignificant when compared 
with that induced within a considerable ter- 
restrial area, and of no moment whatever in 
the. process of dissipation. But it is true 
that the negatively charged air in the vi- 


cinity of the rod, rendered conductive. 


through the influence of the same, facilitates, 
the passage of the bolt. Therefore it in- 
creases the probability of a lighting. dis- 
charge in its vicinity. The fundamental 
facts underlying this type of lightning-rod 
are: First, it attracts lightning, so that it 
will be struck oftener than would be the 
building if it- were not present; second, it 
renders harmless most, but not all, of the 
discharges which it receives; third, by ren- 
dering the air conductive, and for other 
reasons, it. i$ sometimes the cause of damage 
to neighboring objects; and. fourth, on the 
whole, its power of preventing injury pre- 
dominates, more or less, over the hazards it 
invites, | ` 

My protector, by contrast, is founded on 
principles diametrically opposite. Its ter- 
minal has a large surface. It secures a very 
low density and preserves the insulating 
qualities of the ambieht medium, thereby 
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minimizing leakage, and in thus acting as a 
quasi-repellant to increase enormously the 
safety factor. f `. 

For the best and most economical installa- 


lion of protective devices according to my 
invention, those factors and phenomena that 


dictate size, number of protectors and phys- 
ical qualities of the apparatus must be 
grasped by the installing engineer, and pre- 
liminarily, for full understanding of the 
principles of my invention, these should be 
briefly explained. | 

; Economica] installation, of Course, de- 
mands that the protective capability of any 
given equipment be not needlessly greater 
than is required to meet the maximum ex- 
pectancies under the conditions surroundin 

the particular building to be protected; and 


“these depend, partially, as I shall show, 


upon the character of the landscape proxi- 
mate to the building site. E 

. In the drawings, Figures 1 to 4 inclusive, 
are diagrams requisite to illustration of the 
facts and conditions relevant to the deter- 
mination of specific installations of my in- 
vention, and Figs. 5 to.8. illustrate construc- 


_tion and application of the protectors.: Spe- 


cifically : . . 
Fig. 1 is a landscape suited for purpose 
of explanation; Figs. 2, 3 a theoreti- 


cal diagrams; Figs. 5 and 6 illustrate forms . 


of improved protectors; and Figs. 7 and 8 
show buildings equipped with the same. 
In Fig. 1, 1 represents Lord Kelvin’s “re- 


duced” area of the region, which is virtually . 


part of the extended unruffled ocean-surface. 
(See “Papers on Electrostatics and Magnet- 
ism” by. Sir William Thomson). Under or- 


. , dinary weather conditions, when the sky is 


40 


45 


clear, the total amount of electricity dis- 
tributed over the land is nearly the same as 
that which would be contained. within. its 
horizontal projection. But in times of 
storm, owing to the inductive action of the 
clouds, an immense charge may be асса- 


‘mulated. in the locality, the density being 
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negative sense, is nil. 
“niveau” are exposed to ever so much more -~ 


greatest at the most elevated portions of 
the ground. Assuming this, under the con- 
ditions existing at any moment, let another 
spherical surface 2, concentric with the 
earth, be drawn—which may-be called “elec- 
trical. niveau”—such that the quantities 
words, their algebraic sum, taken relatively 
to the imaginary surface, in the positive and - 
Objects above the 


risk than those below. "Thus, a building at: 


‚8, оп a site of excessive density, is apt to be! 


hit sooner or later, while one in a depression 


| 4, where the charge per unit area is very 
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small, is almost entirely safe. It follows 


thàt the one building 3 requires more ex- 


tensive equipment than does the other. In 


both instances, however, the probability of. 
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being struck is decreased by the presence of 
my protector, whereas it would be increased. 
by the presence of the Franklin rod, for rea- 
Sons that 1 will now explain. | 
An understanding of but part of the 
truths relative to electrical discharges, and 


70 


their misapplication due to the want of 


-fuller appreciation has doubtless been re- 


sponsible for the Franklin . lightning rod. 


taking its conventional pointed form, but 


75 


theoretical considerations, and the important ` 
discoveries that have been made in the. 


course of inyestigations with a wireless 
transmitter of great activity by which arcs 


` of a volume and tension comparable to those 
occurring in nature were obtained (“Prob-: 


lems of Increasing Human Energy” Century 
Magazine June 1900 and Patents 645,576, 


:649,691, 787,419 and 1,119,732) at once estab- 


lish the fallacy of the hitherto prevailing 
notion on which the Franklin type of rod 
is based, show the distinetive novelty of my 
lightning protector, and guide the construc- 
tor in the use of my invention. ‘ 

In Fig. 2, 5 is a small sphere in contact 
with a large one, 6, partly shown. It.can 
be proved by the theory of electric images 
that when the two bodies are charged the 
mean density on the small oné will be only 


Maxwell). In Fig. 3, the two spheres 7 and 
8 are placed some distance apart and con- 
nected through a thin wire 9. This system 
having been excited as before, the density on. 
the small sphere is likely to be many times 
that on the large- one. 
the same potentia] it follows directly that 
the densities on them will be inversely as 
their radii of curvature. If the density of 
{T be designated as 4 and the radius v, then 
the charge g=4nr’d, the potential p=4ard 
and the outward force, normal to the sur- 
face, /==2rd?._ As before stated, when d 
surpasses 20 C. G. S. units, the force f be- 
comes sufficiently intense to break down the 


-dielectric and a streamer or corona appears. 


In this case p=80xr. Hence, with a sphere 


. . of one centimeter radius disruption would: 
stored over and under it are equal. In other | 


take pl&ce at a potential. p— 8051 —951.398 
E. S. units, or 15,398.4. volts. In reality, the. 
discharge occurs at a lower pressure (ав a 
consequence of uneven distribution on the 
small sphere, the density being greatest on 
the side turned away from the large one. 


Since both are at 1 
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times greater than that on the other, (See 

“Electricity and Magnetism” by © Clerk |. 
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120 


In this respect the behavior of a pointed ` 


conductor is just the reverse. Theoretically, 
it might erroneously be inferred from the 
preceding, that sharp projections would per- 
mit. electricity to escape at the lowest po- 
tentials; but.this does not follow. The rea- 
son will be.clear from an inspection.of Fig. 
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—.4, in which such a needle-shaped. conduetor 
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10, is illustrated, a minute portion of its 


tapering end being marked 11. Were this: 


portion removed from the large part 10 and 
electrically connected with the same through 
an infinitely thin wire, the charge would be 
given off readily. But the presence of 10 
has the effect of reducing the capacity of 
11, so that a much higher. pressure is re- 
quired to raise the density to-the critical 
value.. The larger the body, the more. pro- 


nounced is this influence, which is also de-: 


pendent on configuration, and.is maximum 
for a sphere. When the same is of con- 
siderable size it takes a much greater elec- 
tromotive force than under ordinary circum- 
stances to produce streamers from the point. 
To explain this apparent anomaly attention 
is called to Fig. 3. If the radii of the two 


spheres, 7 and 8, be designated + and R.re- 


spectively, their charges q and Q and the 
distance between their centers D, the po- 


' tential at 7, due to Q is Q. But 7, owing to 


25 


30 


35. 


the metallic connection 9, is at the potential. 


9 4 


| Ror EE 
When D is comparable to R, the medium 


` surrounding the small sphere will ordinarily 
-be at a potential not much different from . 


that of the latter and millions of volts may 
have to be applied before streamers issue, 
even from sharp protruding edges. It is 
important to bear this in mind, for the 
earth is but a vast conducting globe. It 


` follows that a pointed lightning-rod must 


2540 


. posed emissive effect, is in part neutralized. 


45 


55 


be run far above ground in order to operate 
at all, and from the foregoing it will be ap- 
parent that the pointing of the end, for sup- 


by the increasing size below the extreme end, 
and the larger the rod, for reduction of elec- 


trode resistance, the more pronounced is this’ 


counter-influence. For these reasons it is 
important to bear in mind that sufficient 
thickness of the rod for very low electrode- 
resistance is rather incompatible with the 


| high emissive capability sought in the nee- 


dle-like Franklin-rod, but, as hereinafter 
set forth, it-is wholly desirable in the use 


of my invention, wherein the terminal con- 
struction is intended for suppression of- 


charge-emission rather than to foster it. 
The notion that Franklin’s device would 


` be effective in dissipating terrestrial charges 
may be traced to early experiments with 


60 


` insulated electrified body. But the inappli- 
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static frictional machines, when a needle 
was found eapable of quickly draining an 


cability of this fact. to the conditions of 
lightning protection will be evident from 
examination of the simple theoretical prin- 


ciples involved, which at the same time sub- . 


a 
stantiate the desirability of establishing 


protection by avoiding such drainage. The 
density at the pointed end f should be in- 


-versely as the radius of curvature of the 


surface, ‘but such a.condition is unreelizable. 


Suppose Fig. 4 to represent a conductor of | 


radius 100 times that of the needle; then, 
although its. surface per unit length is 


greater in the. same. radio, the capacity is 


only double. Thus, while twice the quan- 


tity of electricity is stored, the density on’ 
‘the rod is but one-fiftieth of that on the nee- 


die, from which it follows that the latter 


is far more efficient." But the emissive power - 


of any such conductor is. circumscribed. 
Imagine that the “pointed” (in reality blunt 
or rounded) end. be continuously rediiced in 
size so as to approximate the ideal more and 
more. During the process of reduction, the 


‘density will be increasing as the radius of 


curvature gets smaller, but in a proportion 
distinctly. less than, linear; on the other 


. hand, the area of the extreme end, that is, 
- the section through which the charge passes 
‘out into the air; will be diminishing as the. 


square of the radius. This relation alone 


-imposes a definite limit to the performance 


of a pointed conductor, and it should be 
noticed that the electrode resistance wou d 
be augmented at the same time. Further- 


-more, the efficacy of the rod is much im- 


paired through potential due to the charge 
of the ground, as has been indicated with 
reference to Fig. 3. Practical estimates of 


the electrical quantities concerned in natural” 


disturbances show, moreover, how absolutely 
impossible. are the functions attributed to 
the pointed lightning conductor. A single 
cloud may contain 210" C. G. 8. units, or 
more, inducing in the earth an equivalent 


amount, which a number of lightning rods’ 


could not neutralize in many years. Раг- 
ticularly to instance conditions that may 


‘have to be met, reference is made. to the 


Electrical World of March 5, 1904, wherein 
it appears that upon one occasion approxi- 
mately 12,000 strokes occurred within two 


hours within a radius of less than 50 kilo-. 


meters from the place of observation. ` 
But although the pointed lightning-rod 
is quite ineffective in the one respect noted, 
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it has the property of attracting lightning - 


to a high degree, firstly on account of its 
shape and ‘secondly because it ionizes and 
renders conductive the surrounding air. 
This has been unquestionably established in 
long continued tests with the wireless trans- 
mitter above-mentioned, and in this feature 
lies the chief disadvantage of the Franklin 
type of apparatus. , = ` 

All of. the. foregoing serves to show that 
since it is utterly impracticable to effect an 
equalization of charges emissively through 
pointed lightning-rods under. the conditions 


presented by the vast forces of nature. great 
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130. 


10 


15 


4 
improvement lies in the attainment of-a 
minimized probability of lightning stroke 
to the area to be protected coupled with 
adequate conductivity to render harmless 
those strokes that may, notwithstanding, 
occur. . 2. 
Furthermore, a correct: Application of the 


truths that have thus been explained with . 


reference to the familiar pointed type of 
lightning-rod not only substantiates the 
theoretical propriety of the form in which I 
develop my improved lightning protector, 
but will lead the installing engineer properly 
to take cognizance of those conditions due 
to location of the building, with respect to 
surrounding earth formations and other 


` buildings, probabilities of maximum poten- 


20 


tial-differences and charge-densities to be ex- 
pected under the prevailing atmospheric 
conditions of the site, and desirable electrode 
resistance and capacities of the protectors 
installed. | 


The improved protector, as above stated, 


` behaves in a manner just opposite to the 


25 


- padius of curvature and sufficient area to ` 
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which is supported 


Franklin type and is incomparably safer for 


this reason. The result is secured by the use 


of a‘terminal or conducting surface of large 


make the density very small and thereby 
prevent the leakage of the charge and the 
ionization of the air. 'The device may be 
greatly varied in size and shape but it is es- 
sential that all its outer conducting elements 
should be disposed along an ideal enveloping 
surface of large radius and that they should 
have a considerable total area. . 

In Fig. 5, Fig. 6, Fig. 7 and Fig. 8, differ- 
ent kinds of such terminals and arrange- 
ments of:same are illustrated. In Fig. 5, 12 
is a cast or spun metal shell of ellipsoidal 
outlines, having on its under side a sleeve 
with a bushing 13 of porcelain or other in- 
sulating material, adapted to be slipped 
tightly on a rod 14, which may be an ordi- 
nary lightning conductor. Fig. 6 shows a 
terminal 15 made up. of rounded or flat 
metal bars radiating from a central hub, 

directly on a similar rod 
and in electrical contact with the same. The 
speċial object of this type is to reduce the 
wind resistance, but it is essential that the 
bars have a sufficient area to insure small 
density, and also that they are close enough 
to make the aggregate capacity nearly equal 
to that of a continuous shell of the same out- 
side dimensions. In Fig. 7 a cupola-shaped 
and earthed roof is carried by a chimney, 
serving in this way the twofold practical 
purpose of hood and protector. Any kind 
of metal may be used in its construction but 
it is indispensable that its outer surface 
should be free of sharp edges and projec- 
tions from which streamers might emanate. 
In like manner mufflers, funnels and vents 
may be transformed into effective lightning 
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protectors if equipped with suitable devices 
or designed in conformity with this inven- 
tion. Still another modification is illustrated ` 
in Fig. 8 in which, instead of one, four 
grounded bars.are provided with as many 


spun, shells or attachments 18, with the ob- 


vious object of reducing the risk. 


From the foregoing it will be clear that in | 


all cases the terminal prevents leakage of 
electricity and attendant ionization of the 
air. It is immaterial to this end whether it 
is insulated or not. Should it be struck the 
current will pass readily to the ground either 
directly or, as in Fig. 5, through a small air- 
gap between 12 and 14. But such an acci- 


dent is rendered extremely improbable ow- - 


ing to the fact that there are everywhere 


' points and projections on which the terres- 


trial charge attains a high density and where 
the air is ionized. Thus the action of the im- 
proved protector is equivalent to a repellant 
force. This being so, it is not necessary to 
support it at a great height, but the ground 
connection should be made with the usual 
care and the conductor leading toit must be 
of as small a self-induction and resistance as 
practicable. | | 

I claim as my invention: 

1. A lightning protector consisting of an 
elevated terminal, having its outer conduct- - 
ing boundaries arranged on surfaces of large 
radii of curvature in both dimensions, and a 


95 . 


grounded conductor of small self-induction, | 


as set forth. 

2. A lightning. protector composed of a 
metallic shell of large radius of curvature, 
and a grounded conductor of small self-in- 
duction, as described. | 

3. Apparatus for protection against at- 
mospheric discharges comprising an earth 
connection of small resistance, a conductor 
of small self-induction and a terminal car- 
ried by the same and having a large radius 


100 


of curvature in two dimensions as, and for ` 


the purpose set forth, | - j 
4. In apparatus for protection against at- 


mospheric.discharges an insulated metallic 


'shell of large radius of curvature supported 


by a grounded conductor and separated from 
the same through a small air-gap as, and for 
the purpose described. MEME 

5. A lightning protector comprising, in. 
combination, an elevated terminal of large 
area and radius of curvature in two dimen- 
sions, and a grounded conductor of small 
self-induction, as set forth. Us 

6. In apparatus for protection against 
lightning discharges, the combination of an 
elevated metallic roof of large area and 
radius of curvature in two dimensions, and 
a grounded conductor. of small self-induc- 
tion and resistance, as described. 

7. As an article of manufacture a me- 
tallic shell of large radius of curvature pro- 
vided with a sleeve adapted for attachment 
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to a lightning rod as, and for the purpose 
set forth. 

8. A lightning protector comprising an 
ellipsoidal metallic shell and a grounded 
conductor of small self-induction, as set 
forth. E 

9. In apparatus for protection against at- 


mospherie discharges a cupola-shaped me- 
tallic terminal of smooth outer surface, in - 
combination with a grounded conductor of 10 
small self-induction and resistance, as de- 
seribed. 
In testimony whereof I affix my signature. 
NIKOLA TESLA. 


N. TESLA. 
EN SPEED INDICATOR, 
APPLICATION FILED DEC, 18, 1916. 


.. 1,974,816.. Patented Aug. 6, 1918. 
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. ike) may be negligible in effect; that the. 
torque may be substantially unaffected by 
changes of extraneous conditions, as of tem- | 
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preferably air, is utilized for torque-trans- 

. mission from a primary 
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` mer. 
- place i 
. drag” speedometers have been found capable 
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Specification of Letters Patent. 


Application filed December 18, 1916, Serial No. 197,691. 2 


To all whom it may concern: ' 

Be it known that I, Nikora Testa, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain nèw and useful Im- 
provements in Speed-Indicators, of which 
the following is a full, clear, and exact de- 
scription. ` | 

Among the desiderata of speedometer con- 
struction are these: that the torque exerted 
upon the. secondary, or indication-giving, 


element shall be linearly proportional to the. 


speed of the primary member rather than 
to the square of the speed (as instanced in 
centrifugal speedometers);. that the tor- 


sional effect at low speeds shall be strong 


and steady so that particular delicacy of 
construction may not be necessary and that 
minute causes of theoretieal errors (such as 
bearing-friction, spring-inequalities and the 


perature, atmospheric density and. magnetic 
influence; that the instrument be inherently 
dead-beat and relatively insensible to rié- 
chanical vibration; and that ruggedness, 


simplicity and economy, for attendant dura- 


bility, manufacturing facility and low cost, 
be attained. My present speedometer real- 
izes these advantages and provides, also, an 


appliance that is suitable for great, as well 


as very small, velocities, exact in its read- 

ings, uniformly graduated as to scale, and 

unaffected: by changes of temperature or. 
pressure within as well as “without. . 

In my Patent No. 1,209,359, dated Decem- 

І ave described a new type 

eed measuring instrument. wherein the 

adhesion:and viscosity-of a gaseous medium, 


effort exerted upon the latter 18 Hinearly pro- 
portional to the rate of rotation. of the for- 

The principles of that inyention find 
in my present construction. Such “air 


of. meeting satisfactorily the commercial re- 
quirements for both large and small instru- 


"designed for low-speed measurement, 


driving to a second- 
'ary pivoted and torsionally restrained mem- 
-ber-under conditions such that the rotary . 


ments respectively adapted to measure rela- 
tively high and low speeds, but nevertheless 


| itis true that although such instruments, ` 
when built for high-speed indication, may . 


be of sturdy construction, they must, when 
be 
built with great precision and delicacy. 


Patented Aug. 6, 1918. 


This because the inertia of. the secondary > ` 


element must be kept extremely small for 
desirable. promptness of response to very 
Slow starting speeds and consequent feeble- 
ness of the turning effort. In some in- 
stances, therefore, it is highly desirable to 
employ a transmitting medium giving а 
much greater torque than air with concomi- 
tant.extension of the lów-range of accurate 
speed reading, quickness of response, prac- 


65 


ticablé decrease of size of parts and lessen- . 


iug of sensitiveness to disturbances such as 
vibration of the instrument as a whole. . 
All of the stated objects I accomplish by 


employing as the torque-transmitting me-. 


dium between the driving and drivén ele- 
ments a body of suitable liquid, (e. g., mer- 
cury) under conditions (as set forth in my 


prior application referred to) proper to 
secure linear proportionality of. deflections, 
and, further, by making provision automati- 
cally to compensate for the changes in the 
viscosity of the liquid that.accompany varia- 
tions of temperature. . The latter equipment 
ig unnecessary in my air-drag speedometer, 
~but mercury and other liquids of relatively 
great. density that might be employed for 
my present purposes have not the quality 
_of approximate self-compensation for tem- 
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80 


perature changes-that inheres in air, owing . 


to the. fact that the viscosity of such a liquid 
decreases rapidly as its temperature rises, 
апд во tò a successful 4mercury-drag" in- 
strument temperature compensation is req- 
uisite. Sou N . 2 

> The underlying ideas of this invention 
can be carried out in various ways and. are. 
‘capable of many valuable uses, but for pur- 


poses of disclosure, specific reference to a. 


form of speed indicator. designed for use on 
ап automobile is adequate, . ^. ^. 

As in the structure described in my stated 
prt 
driven 


` 


members with eonfronting, 


application, I provide driving and: 
closely- ` 


100 


adjacent, non-contacting, smooth, annular 
friction surfaces, co-acting for transmission 
of torque through, the viscosity and adhesion 
of interposed thin films of a suitable me- 
dium—in this case mercury—under condi- 


|. tions to prevent free exchange of fluid acting 


1 


e 
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720 


- tain this compensatory 


25 


280. 


"on the system, to prevent its local circula- 


tion and eddying, to maintain its flow calm 


and non-turbulent, and to secure as low ve- 
locity of the medium with respect to the . 


system as the circumstances of the case may 
make desirable. “These conditions all: aid in 
the attainment of rigorous linear propor- 
tionality of: deflection of thé secondary to 
the speed of rotation of the primary element 
under given temperature conditions. Addi- 


tionally, by suitable construction I make i. 


possible to obtain a nearly perfect compen- 
sation for temperature changes so that the 
deflections may be rigorously proportionate 
to speed within limits of temperature varia- 


‘tion wider than I believe likely to occur in 


the practical use of the instrument, I at- 
result by providing 
thermo-responsive means to vary the effec- 


‘tive area of the secondary: element upon. 


which the medium acts in approximately 
inverse proportion to temperature-effected 
changes of viscosity of the medium, and as 
a preferred specific means to this end, I 
dispose a body of the liquid beyond, but 
communicating with, the active portion of 


- the liquid medium and of such quantity 


85 


. 40 fi 


46 


that, in effectively the same measure as vis- 


cosity and, consequently, the- torque is di- 
minished or increased with, temperature. 
changes, the active liquid-contacting area of 
the secondary member is enlarged or reduced 
owing to the expansion or contraction of the 
ша. .. a j 
. In the drawing Figure 1 is à iop view of 
a speedometer ; 2 o: `, 

Fig. 2 is a central vertical section there- 
through; | 


Fig. 3 shows a spring. adjusting arrange- . 


.ment; and 


Бо 


$5 


. fixed support 17 


80 


Fig. 4 and Fig. 5 are diagrams explana- 
tory of the compensating principle.» . 

.. In Fig. 4 the primary or driving member 
is a cup.10 carried by a freely rotatable ver- 
tical shaft 11. Within it the cylinder- 
formed secondary meniber 12 i$ mountéd on 
a spindle 13, journaled in jewels 1& and 15 
of negligible friction, for pivotal displace- 
ment against the restraint of a spiral spring 


.16, connected at its ends respectively to 
and spindle-collar/ 18, so ^ 


that by pivotal displacement of the second- 
ary cylinder against the resisting spring 
tension, the torsional effort exerted on the 
secondary member may be measured. The 
spring ‘is such that its displacements are 
inearly proportionate to the force applied. 
The lower portion 19, of the cüp-chaibor is 


2 


. 0.05 inch to be satisfactory. 


` have ascertained, can be 


to simplifying this explanation, be 


liquid component 90% 


tionless). It will be 
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a reservoir filled with the liquid, 20, as mer- 96 
cury, and the liquid normally extends part 
way up the very narrow interspace. 21; be- 
tween the two elements to contact with less 


‘than the whole of their confronting friction 


surfaces. With mercury as the medium, in 
an instrument with a sec ndary cup of one 
inch diameter Y find an interspace-width of 
It will now be seen that when shaft. 11 is 
rotated the mercury in the cup is entrained 
and in turn produces a drag upon the 
pivoted member 12, the torsional effort being 
directly proportionate to the active area, 
viscosity of the fluid and the speed of rota- 
tion and, inversely, to the width of the inter-. 
space 21 or distance between. the rotated and , 
pivoted surfaces. If v be coefficient of vis- - 
cosity, A the active area, s the Speed and d 
the distance between the juxtaposed rotating 
and pivoted surfaces, all of the quantities 
being expressed. in proper units, then the 
twisting force ` | 


Е= чы dynes. ; 
| | . 90 
When, through changes in the external con- 


 ditions.or work performed on the fluid, the 


temperature. of the same is raised, two ef- 
fects, separate and distinct, are produced.. 
In the first place, the viscosity is diminished 
according to a certain law, reducing corre- 
spondinglv the torque, on the other hand, 


the fluid expands thereby enlarging the 


areas of the active, or liquid - contracting, 
surfaces of the elements with an attendant 
increase of rotary effort. Obviously, then, if 
it is possible so ‘to relate these actions that 
they mutually annul each other upon any. 


, change of temperature, a complete compen- .. 


sation may' be obtained. This result, Y 
almost perfectly ` 
realized with a liquid, as mercury, by prop- 
erly proportioning the voluine of the cham- 
ber-contained, or compensating, component 
20° of the liquid and the component 20° of 
the liquid in the interspace 21. With a view - 
it sup- 
F is wholly due to the 
(the drag exerted on 
the bottom face of cylinder 19 being assumed 
to be negligible and the bearings to be fric-: 
evident that under these 
conditions the active area will increase as | 


posed that the force 


-the volume of the fluid. Perfect compensa- 


tion would require that upon a rise of tem- 
perature; the active area, and therefore the 
torsional effort, be augmented in the same 
ratio as viscosity is diminished. In other - 
words, the percentage of decrease of vis- 
cosity divided by that 
should be the same for all temperattres. 
Attention is called to the table below show- 
ing that, with mercury as the medium, tho 
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of increase of area. 125 


10 


15 


20 
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8 
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value of this fraction at-ordinary tempera- 
tures is about, or not far from, 20. 


_———————-— ——ү 
































Percontage | Percentage 
Tempora- volume Viscosity of increase | of decrease Value of 
5 . ` : . of V. of v. 
T у 5 a b > 
—20 {0.996364 | 0,018406 | —0.3630 | —8.2718 |. 22.75 
Zis | 0.997273 | 0.018038 | —0.2727 | —6.1029 | 22.38, 
Zio 0.998182 0.017681 | —0.1818 | —4.0074 | '22.04 
— 5 [0.0001 0.018350 —0090 | 002 Sa 3s 
5 11:000909 | 0.016663 .09 19107 | .21.02 
10 | 3.001818 | 0.016361 | 01818 3.7603 |. 20.68 
ШЕ К ЕЕ: 
25 | 1.004546 | 0.015477 | 0.4546 8.9564 | 19.70 
30 | 1,005455 | 0.015202 | 0.5455 0.5750 | . 19.38 
- 35 | 3006365 | 0.014937 | 0.6365 | 12.1410 | 19.07 
40 | 1.007275 | 0.0146 0.7275 |. 13.6470 | 18.75 
45. | 1.008185 | 0.014433 8185 | 15.1031 | 18.45 
50 1 1.009095 | 0.014194 9095 | 10.5073 | 18.15 





This means to say that if the total volume 
of the liquid is twenty times that contained 
in the interspace between the elements, the 
two opposite effects, one increasing and the 
other reducing, the torque, will approxi- 


mately balance. This fact is borne out by 


"practical tests: and measurements, which 
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have demonstrated that by constructing for: 
- this volumetric ratio deflections very closely 


proportionate to the speed are obtained 
through a range of temperature variations 
far greater than ordinarily occurring. For 
commercial purposes it is quite sufficient to 


employ a ratio of approximately the stated . 


value as the error involved in a small de- 
parture therefrom is inconsiderable. “When 
necessary or desirable, greater precision can 
be obtained by taking into account four sec- 
ondary effects, due to expansion or contrac- 


tion of the walls, which slightly modify the’ 


torque; first, changes in the volume of the 
` reservoir; second, in the distance between 
the opposed surfaces; third. in ‘active area 


5 


0 


and, fourth, in velocity. Increase in the 


former two tend to diminish; the latter to 
augment, the viscous drag. A satisfactory 
ratio in a cylindrical type of instrument 
has been found to be about 24. 
Fig. 5 illustrates a different arrangement, 
exemplifying the same principle of employ- 
ing a reservoir-contained liquid body as the 


_ thermo-responsive means to compensate for 


5 


viscosity changes of the active liquid. . In 
this case a spindle-carried disk 12’ serves as 
a secondary element, while the primary 
member consists of a hollow shell 10’ with 


-annular surfaces 23 confronting the disk 


о 


surfaces and encompassed by an annular 
chamber 20’, so that under rotation the mer-. 


cury body fills the chamber and occupies 
peripheral portions of the interspaces 21 
between the fiat confronting surfaces. It 
is hardly necessary to remark that since 


there are two such interspaces 21, the cal- 


. moving parts. 


culation of capacity of the reservoir or 
chamber 20’, beside considering the form of 
the device, must take account of the active 
mercury body in both interspaces. 

` In Figs. 1 0 З а complete commercial in- 


. strument embodying my invention is shown. 


Specifically, 25 is a tube threaded at 26 and 
carrying at the top а casing head 27 the 
whole forming a housing for inclosure of the 
The driving shaft 28 carries 
a cylindrical cup 29 in the bottom of which 
is Screwed a,plug 30, turned down as 31 for 
the purpose of providing the reservoir 32. 
The cup 29 is closed at its upper end by a 


tight fitting cover 33, having an upwardly’ 


85 


extending shank 34, carrying a pinion 35 to 80 


\ drive suitable wheelwork 36 of the odometer 
contained in the lower part of the head 27. 


This structure, providing the primary ele- 


ment, is rotatable in ball-bearings 37 and 88 
fixed in tube 25 and adjustable by means of 
nuts 39. : 

The secondary element is 


slender spindle 41 mounted in jeweled bear- 


ings 49 and 43, respectively carried in a- 


cavity, of plug 30 and by a frame arm 43°. 


made of a, very: 
thin metal cup 40, inverted and secured to 


A running bearing 42 can usually be em- 


ployed without detriment, but a fixed bear- 
ing may be used if desired. Тһе weight of 


the secondary member with its movable at-. 


tachments should be so determined that the 
upward thrust against jewel 43 is very 
slight: The torsional twist of secondary cup 
40 is resisted by a spiral spring 44 lodged 


in à turned.recess of.a frame plate 45, hav-* 


100 


ing one of its ends connected to collar 46 . 


fast on the spindle 41 and the other to. a 


split ring 47 spring-gripping, the wall of 
the recess in plate 45. By inserting pincers 
in holes 48 (Fig. 5) and contracting the ring 
it is freed sufficiently for adjustment to 
bring the spindle-carried indicator 49 to 
point to zero of the graduated scale 50 that, 


108. 


1f all of the principles of my invention are | 


best embodied, may be made uniformly 
graduated. "The scale is carried. on plate 


110 


45 and, together with the support 43', is - 


held in place by a rim 53 that suitably car- 


ries the glass cover 52. The odometer may: 


have any suitable number of indicating ele- 
ments of different orders suitably geared, 
the two hands 54 and. 55 sweeping over 
graduated dials 56 and 57, typifying any 
suitable construction. 042. 

It will be apparent that the high torque 
at low speed developed through the mer- 
curial transmitting medium makes the in- 


strument very effective as one for use on 


automobiles, and while it is true that with 


à heavy fluid, as mercury, the range of ve»: 


locity of the medium throughout which pro- 
portionality of torque to speed, under the 


126 


described conditions, is rigorously linear - 


e 


i 


© 


falls below the range available where air is 
the medium, a construction presenting the 


friction surfaces of the elements in a cylin- 


der-form as-suggested in Figs. 2 and 4 per- 
mits of the use of a suitably constructed de- 
vica with a small-diameter secondary to 


measure very high speeds without imparting 


to the medium a linear velocity beyond its 
stated range. 
mercury in the present; described instrument 
(or other rotary devices) it is important 


that the mercury be pure, the surfaces con- 
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50 


tacting therewith smooth, clean and non- 
granular (preferably nickel-plated or made 
of non-corrosive, high grade steel) to mini- 
mize abrasion and keep the mercury clean, 


,and that the linear velocity of the mercury 


be kept low, preferably below six feet per 
second, in order that it may not break up into 
minute droplets or apparently-powdered 
form. | . | 

What I claim is: | Е 

1. In combination, driving and driven ele- 
ments, having . opposed, closely-adjacent, 
non-contacting friction surfaces; a liquid 
body interposed between active areas thereof 


through which. the driving element fric- ) . 
' driving aud movement-resisted. driven ele- 


tionally drags 'the driven one and thermo- 
responsive means for varying the active 
area of the secondary in approximately in- 
verse proportion to the thermo-effected va- 
riations in viscosity of the liquid. | 

2. In a temperature-compensating speed 
indicator, the combination of variable speed 
primary and movement-restrained secondary 
elements that are suitably supported for 
separate movement and have opposed fric- 
tion sürfaces in close but non-contacting 
juxtaposition; an interposed liquid body 
contacting normally with active areas of 
said surfaces less than the whole thereof, 
and thermo-responsive means for varying 
the liquid-contacting areas of said elements 
approximately inversely to the thermo- 
effected variations of liquid viscosity. 

3. In a temperature-compensating speed 


. indieator, the combination of variable speed 


primary and movement-restrained secondary 
elements that are suitably supported, for 
separate movement and have opposed closely- 
adjacent non-contacting friction surfaces; 


an interposed liquid body and thermo-re- 


For the successful use of. separate movement and 
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sponsive means for varying the active areas 


Of said surfaces in predetermined "ргорог- 
tion to thermally-effected changes of liquid 


viscosity. 


86 


4. In a temperature-compensating speed 


indicator, the combination of variable speed 


primary and movement-restrained Secondary ` 


elements ‘that are suitably supported for 
have opposed 
closely-adjacent non-contacting friction sur-. 
faces; a liquid body partially filling the in- 


terspace between said surfaces, and thermo- 


responsive means for varying the liquid 
quantity within in said interspace in pre- 
determined inverse ratio to thermo-effected 
changes of liquid viscosity. ` Он 

9. The combination with driving ‘and 
driven elements having opposed, closely- 
adjacent, non-contacting friction surfaces 
and an interposed liquid body contacting 
with active portions thereof, of a compen- 


ва те liquid body. communication with the ` 


said interposed or. active one, and propor- 
tioned to vary the effective contact area of 
the active liquid approximately inversely 
to its temperature-effected viscosity changes. 


6. The combination with freely movable . 


76 


80 


ments, having frietion surfaces in opposed, ` 
closely-adjacent non-contacting relation, of  .. 


means providing a reservoir, communicat- 
ing with the interspace between said ele- 
ments, and a liquid body having a reservoir- 
filling component and an active - torque- 
transmitting component that normally, 
partly occupies said interspace, these com- 
ponents proportioned volumetrically for 
temperature-efiected change of the contact 
area of the active component in approxi- 
mately 


imverse ratio to the attendant 
changes of liquid viscosity. 


00 


T. In a temperature-compensating speed . 


indicator, the combination of a freely rota- 
table cylindrical cup; a. cylinder-formed 


member in the upper portion thereof, 


the cup below the pivoted member and ex- 


‘pivoted and spring-restrained; and a body : 
of mercury filling the reservoir-portion of - . 


100 - 


tending partially in the narrow interspace 


between -the cup and cylinder. 


In testimony whereof I afix my signature. ` 


NIKOLA TESLA. ` 


N. TESLA, 
SHIP'S LOG, 
APPLICATION FILED DEC. 18, 1916. 


1 ‚814,71 8. Patented Sept. 2, 1919. 
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NIKOLA TESLA, OF NEW YORK, N. ¥., ASSIGNOR TO WALTHAM WATCH COMPANY, OF 
WALTHAM, MASSACHUSETTS, A CORPORATION OF MASSACHUSETTS. 


SEIP'S LOG. 





Specification of Letters Patent. 


Patented Sept. 2, 1919. 


‘Application filed December 18, 1916. Serial No. 187,690. 


Lo all whom it may concern: 


Be it known that I, NikorA Testa, a citi- 
zen of the United States, residing at New 


York, in the county and State of New York, 


have invented certain new and useful Im- 


` provements. in Ships’ Logs, of which the 


' following is a full, clear, and exact descrip- 


10 


a. 


1 
20 
25 
30 
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tion, . 
My invention provides a ship's log of 


novel. and advantageous construction and. 
operation, designed to give instantaneous | 


rate-readings, as in knots, or miles per hour. 
The customary log is trailed astern, twisting 
the flexible connector that drives a revolu- 
tion-counter on the vessel, and many dis- 
advantages of such arrangement are obvious. 

In my instrument I combine very advan- 


-tageously a propeller rotatable proportion- 
‘ately to vessel-speed and a speed indicator 


driven by it and reading directly in the de- 
sired terms, preferably upon a substantially 
uniformly-graduated ‘scale. mE 
In the drawings, Figure 1 diagrams the 
log in use; EE | 
Fig. 2 shows it in vertical section; - 
Fig. 3 illustrates speed-indicator parts 
with the casing broken away; © 
Fig. 4 is a section on line 4—4^of Fig. 3; 
Fig. 5 is a section on line 5—5 of Fig. 9. 
Fig. 6 shows in section a turbine form of 
propeller, and . 
Fig. 7 is a section on line 7—7 of Fig. 6. 
To the vessel 10, preferably near its bow, 


is suitably affixed a tube or barrel, 11, with 


& threaded plug 12. closing its lower end, 
where the tube preferably dips below the 
level of the boat’s keel. At the top—near 
the deck or other point of observation—the 
speed-indieator 13 is mounted, its casing 14, 
that carries all of the moving parts being 
detachably secured, as by screws 15, to the 
top-flange 16 of the barrel. .A boss 17 on 
the underside of casing 14 supports the ball 
bearing 18 for the primary element of the 


indicator and a seal 19 for its flexible drive- 


shaft 20 that connects preferably through a 
slip-joint squared union, 91, to a propeller- 


driven part. The propeller may be of com- 


mon form as shown in Fig. 2, at 22, with its 
shaft 23 horizontally mounted in the bracket 
24 spanning the tubular passage 25 of a 
housing 26 that fits neatly in the barrel and 
is held in register with ports 27 and 28 by 
guide-ribs 29.. Such a propeller drives the 
shaft 20 through bevel gears 30. 


More advantageously in some respects, 
however, a turbine propeller of simple con- 
struction may be employed, as shown in 
Figs. 6 and 7. The rotor in this instance 
has a vertical shaft 23’ and the wheel 29’ 
is formed of thin, parallel, closely-spaced. 
disks each having a central opening. The 


wheel is arranged in à cylindrical housing 


26’ that has inlet nozzles 31 and outlet ports 
32 so disposed that the, water enters the in- 
terspaces between the disks tangentially to 
rotate the wheel and finds escape through 
the ports 32 that communicate with the cen- 
tral orifices of the disks. This type of 
construction has many advantages due to its 
reliability and efficiency, but preferably it 
should be constructed to permit the disks 
and casing to be readily cleaned, casing 96 
being made m two horizontal] sections bolted 
together as at 33, each section having a de- 
tachable head 34. 
A flexible and -longitudinally elastic 
sleeve, 35, of coiled strip metal is fastened 


. at opposite ends by threaded caps 36 and 


91 to the boss 17 and to a threaded part on 
the propeller casing, so that the propeller 


"mechanism is supported from the indicator 


casing for removal therewith. 

- By suitably constructing the submerged 
parts of bronze, enameling them, or other- 
wise making them'substantially immune to 


75 


85 


corrosion, adequate durability is attained, ` 


and the facility of removal for cleaning, 
oiling, repairs, etc., makes the under-water 
parts easy to maintain in 


ood order. The: 


pliant shaft, slip-connected at one end and - 


1ts stout protective sleeve, strong yet flexible 
and extensible frees the bearings from strain. 
and makes the connection uniformly effi- 
cient under changes of ‘conditions ‘as: to 
temperature, etc. 

The speed indicator 13 preferably pro- 
vides as its primary element 41 a multiple- 
walled cup, fast on shaft 20, and as a 
secondary, or indication-giving, member a 
lightly-constructed pivoted, multiple-walled 
inverted cup structure 42, with the annular 
walls interleaved in closely adjacent non- 
contacting relation for transmission of turn- 
ing effort from the one to the other through 
intervening films of the casing-contained. 
fluid medium, as air, in approximately linear 
proportion to the speed of the primary. 

pecifically the. secondary cups are. de- 
pendent from an arm 43 projecting from 


^ 
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spindle 44, having jewel bearings in yoke 


-45 carried by bridge-piece, 46, that spans 


the casing 14, ard the dial 47, calibrated 
according to a suitable constant to read in 
knots, or miles per hour or other units of 
rate, 1s borne by the cup-structure below a 
fixed hand 48 visible through the sealed 
cover-glass 49. A coiled spring 50, соп- 


nected at its ends respectively to the pivoted . 


secondary element and to a fixed support, re- 
sists the pivotal displacement of the indi- 
cation-giving member. The light secondary 
element, quickly and accurately responsive 
approximately directly proportionately to 
the speed of the propeller-driven primary 
member, and little affected by tremors, tem- 
perature changes and other extraneous in- 
fluences, gives adequately accurate readings 
in the desired terms, showing instuntaneously 
changes of the vessel’s speed. 

"What I claim is: ~ | 

1. In ship’s log, a barrel having water 
flow openings near its bottom, a speed-in- 


dicator detachably secured to one end of the 
-barrel, a flexible shaft for the speed-indi- 


cator, a propeller connected to the shaft- 
end, a housing for the propeller, registering 
with the water-flow openings, and a sleeve 
surrounding the shaft uniting the housing 


and casing, for extraction of the propeller- ` 


parts when the speed-indicator is removed 
from the barrel. 
_2. In a ship’s log, a barrel, a speed in- 
dicator having a casing secured detachably 
to the upper or observation end of the barrel, 


(1,814,718. 


a propeller having a housing and adapted 
to pass through the barrel, a flexible shaft 
slip-fitted to connect the propeller and speed 
indicator, and a flexible sleeve connecting 
the propeller-housing and indicator-casing. 

3. In a ship’s log, the combination of a 
barrel having waterflow openings near its 


bottom, a speed indicator having a casing - 


detachably secured to one end of the barrel, 
a shaft for said speed indicator extending 
centrally through the barrel, a propeller for 
the shaft end, a housing for the propeller, 
said housing being smaller than the barrel, 
and a sleeve surrounding the shaft uniting 
said housing and said indieator casing for 
effecting extraction of the propeller parts 
when -the speed indicator is removed from 
the barrel. 

4. In a ship's log, a barrel, a speed indi- 
cator having a casing secured detachably to 
the upper end of the barrel, a propeller hav- 
ing a housing and adapted to pass through 
the barrel, there being registering open- 


ings near the bottom of the barrel and in 


said housing for water-flow to the propeller, 
a flexible shaft connecting said propeller and 


¿speed indicator and making axially slidable 


connection with one thereof, and a flexible 


-and axially expansible sleeve connecting the 


propeller housing and the indicator casing 
for extraction of the propeller parts when 
the speed indicator is removed from the 
barrel. | 
In testimony whereof I affix my signature. 
NIKOLA TESLA. 


N.. TESLA, 
VALVULAR CONDUIT. 


APPLICATION FILED FEB. 21, 1916, RENEWED JULY 8, 1919. 


Patented Feb, 3, 1920. 


1,899,559, 
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Specification of Letters Patent. 


Application filed February 21, 1816, Serial No. 78,708. Renewed July 8, 1919. . Serial.No. 309,482. 


To all whom tt may concern: ` о 

Be it known that I, Nixora TEsrA, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 


provements in Valvular Conduits, of which: 


the following is a full, clear, and exact de- 

scription, > m 
In most of the machinery universally em- 

ployed for the development, transmission 

an 

fluid impulses are made to pass, more or 

less freely, through suitable channels or con- 


‘duits in one direction while their return is 


effectively checked or entirely prevented. 
This function is generally performed by de- 
vices designated as valves, comprising care- 
fully fitted members the precise relative 
movements of which are essential to the effi- 
cient and reliable operation of the appa: 
ratus. The necessity of, and absolute de. 


' pendence on these, limits the machine in 


25 


many respects, detracting from its practical 
value and adding greatly to its cost of man- 
ufacture and maintenance, As a rule the 
valve is a delicate contrivance, very liable 


` to wear and get out of order and thereby 


8 


о 


8 


. 


imperil’ ponderous, complex and costly. 
mechanism and, moreover, it fails to -meet 


the requirements when the impulses are ex- 


tremely sudden or rapid in succession and 
the fluid is highly heated or corrosive. f 

Though these and.other correlated facts 
were known to the very earliest pioneers in 
the science and art of mechanics, no remedy 
has as yet been found or proposed to date 
so far as I am aware, and І 


am the first to discover or invent any means, 
‘ which permit the performance of the above 


40 


function without the use of moving: parts, 
and which it is the object of this application 


o to describe, © . 


45 


60 


Briefly. expressed, the advance I have 
achieved. r 

peculiar channel or conduit charactized. by 
valvular action. É 


The invention can be embodied in many 


constructions greatly varied. in detail, but 
for the explanation of the underlying prin- 
ciple it may be broadly stated that the in- 
terior of the conduit is provided with en- 
largements, recesses, projections, baffles or 
buckets which, while offering virtually no 
resistance £o the. passage of th 


transformation of mechanical energy, . 


lieve that I 


consists in the employment of a ` 
. that is to say, 


e fluid in one 


direction, other than surface friction, con- 
stitute an 
flow in the opposite sense by reason of the 
more or less sudden expansions, contractions, 
deflections, reversals of direction, stops and 
starts and attendant“ rapidly succeeding 
transformations of the pressure and velocity 
energies. i 

For the full and complete disclosure of 
„ће device and of its mode of action refer- 
ence is made tó the accompanying drawings 
in which— 

F igure lis a horizontàl projection of such 
a valvular conduit with the top plate re- 
moved. . : | 

Fig. 2 is side view of the same in eleva- 
tion. 
, Fig. 8 is a diagram illustrative of the ар- 


plication of the device to a fluid propelling. 


machine such as, 
compressor, and 
_ Fig, 4 is a plan showing the manner’ in 
which the invention is,"or may be used, to 
operate a fluid propelled rotary engine or 
turbine, | ag 
Referring to Fig. 1,1 is a casing of metal 
or. other suitable material whic may be 
cast, milled or pressed from sheet in the 
desired form. From its side-walls extend al- 
ternatively projections. terminating in buck- 
ets 2 which, to facilitate manufacture are 
congruent and spaced at equal distances, but 
need not be. In addition to these there are 
independent partitions 3 which are deemed 
of advantage and the purpose of which will 
.be made clear. Nipples 4 and 5, one ateach 


a reciprocating’ pump or 
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almost impassable barrier to its 
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end, are provided for pipe connection. ‘The - 


bottom is solid and the upper or open side 
is closed, by a fitting plate 6 as shown in 
Fig. 2. When desired any number of such 


pieces may be joined in series, thus making. 


-up a valvular.conduit óf such length as the 
‘circumstances may require. б. 
In elucidation of the mode of operation 
let it be assumed that the, medium under 
pressure be admitted at 5.. Evidently, its 
approximate path will be as indicated by 
"the dotted line.7, which is nearly straight, 
if the channel be of adequate 
cross-section, the fluid will encounter a very 
small resistance and pass through freely 
and undisturbed, at least to a degree. Not 
so if the entrance be at the opposite end 4. 
In this case the flow will 
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not be smooth р 


‘on. 


10 


` even if it be under constant pressure, but 
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and continuous, but intermittent, the fluid 
being quickly deflected and reversed in di- 
rection, set in whirling motion, brought to 


rest and again accelerated, these processes 


following one another in rapid succession. 


The partitions 3 serve to direct the stream 


upon the buckets and to intensify the ac- 
tions “causing violent surges and eddies 


‘which interfere very materially with the 


flow throughrthe conduit. It will be readily 
observed that the resistance: offered to the 
passage of the medium will be considerable 


the impediments will be of full effect only 
when it is supplied in pulses and, more es- 
pecially, when the same are extremely sud- 
den an 
bring the fluid masses to rest and to high 
velocity in short intervals of time energy 
must be furnished at a rate which is unat- 
tainable, the result being that the impulse 


‘cannot penetrate very far before it sub- 


sides and gives rise to movement in the 
opposite direction. The device not. only 


acts as a hinderment to the bodily return’ 
of particles but also, in a measure, as a 


check to the propagation of a disturbance 
through the medium. ‘Its efficacy is chiefly 
determined ; first, by the magnitude of the 
ratio of the two resistances offered to dis- 
turbed and to undisturbed flow, respectively, 
in the directions from 4 to 5 and from 5 to 
4, in each individual element of the con- 
duit; second, by the number of complete 


‘cycles of action taking place in a given 


length of the valvular channel and, third, 


by the character of the impulses themselves. 


A fair idea may be gained from simple 


: theoretical considerations. 


-< Examining more closely the mode of op- 
eration it will be seen that, in passing from 
one to the next bucket in the direction of 
disturbed flow, the fluid undergoes two 
complete reversals or deflections through 180 


degrees while it suffers only two small de-. 
. .viations from about 10 to 20 degrees when - 
' moving in the opposite sense. 


In each ease 
the loss of head will be proportionate to a 
hydraulic coefficient dependent on the angle 
of deflection from which it follows that, 


. for the same velocity, the ratio of the two 


resistances will be as that of the two coeffi- 
cients. The theoretical value of this ratio 
may be 200 or more, but must be taken as 
appreciably less although the surface fric- 


` tion too is greater in the direction. of dis- 


turbed flow.. In order to keep it as large 


' as possible, sharp bonds should be avoided, 


. 60 
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for these will add to both resistances and re- 
duce the efficiency. Whenever practicable, 
the piece should be straight; the next best 
is the circular form. . 

` That the. peculiar function of such a con- 


: duit is enhanced by inereasing the number 
of buckets or elements and, consequently, 


1,329,559. 
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of high frequency.” In order to 


- closed at both ends by flanged heads 11 and- 


. piston 17 accurately ground to and sliding 


cyclic processes in a given length is an 
obvious conclusion, but there is no direct’ 
proportionality because the successive ‘ac- 
tions diminish in intensity. Definite limits, 
however, are set constructively and other- 
wise to the number of elements per unit 
length of the channel, and the most economi- 
cal design can only be evolved through long . 
experience. D 

Quite apart from any mechanical features 
of the device the character of the impulses 
has a decided influence on its porformance 
and the best, results will be secured, when 
there are produced at 4, sudden variations 
of pressure in relatively long intervals, 
while a constant pressure is maintained at 
5. Such is the case in one of its most valu- 
able industrial applications which will be 
specifically described. 

In order to conduce to a better under- 
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5 


- standing, reference may first be made to Fig. 


3 which illustrates another special use and 
in which 8 is a piston fixed to a shaft 9 and 
fitting freely in a cylinder 10. -The latter is 


19 having sleeves or stuffing boxes 13 and 14 
for the shaft. Connection between the two 
compartments, 15 and 16, of the cylinder is 
established through a valvular conduit and 
each of the heads is similarly equipped. 
For the sake of simplicity these devices are 
diagrammatically shown, the solid arrows 
indicating the direction of undisturbed flow. 
An extension of the shaft 9 carries a second 


e 
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100 
easily inva cylinder 18 closed at the ends by 
plates and sleeves as usual. Both piston 
and cylinder are provided with inlet and 
outlet ports marked, respectively, 19 and 20. 
This arrangement is familiar, being repre- 
sentative of a prime mover of my invention. 
termed “mechanical oscillator”, with which 
it is practicable to vibrate a system of con- 
siderable weight many: thousand times per 
minute. s Ul 
Suppose now that such rapid oscillations 
are imparted by this or other means to the 
piston 8. Bearing in mind the proceeding, 
the operation of the apparatus will be un- 
derstood at a glance. While moving in the 115 
direction of the solid arrow, from 12 to 11, 
the piston 8 will compress the air or other . 
medium in the compartment 16 and expel it 
from the same, the devices in the piston and ` 
head 11 acting, respectively, as elosed and 120 
open valves. During the movement of the 
piston in the opposite direction, from 11 to 
12, the medium which has meanwhile filled 
the chamber 15 will be transferred to com- 
partment 16, egress being prevented by the 128 
device in head 12 and that in the piston al- 
lowing free passage. These processes will 
be repeated in very quick succession. . If the 
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nipples 4 and 5 are put in communication 


with independent reservoirs, the oscilla- 130 


10 


15 
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tions of the piston 8 will result in a com res- 


sion of the air at 4 and rarefaction of the 
sane at 5, Obviously, the valvular chan- 
nels being turned the other way, as indi- 
cated -by dotted lines in the lower part of 
the figure, the opposite will take place. The 
devices in the piston have been shown merely 
by way of suggestion and can be dispensed 
with. Ench of the chambers 15 and 16 be- 
ing connected to two conduits as illustrated, 
the vibrations of a solid piston as 8 will 
have the same effect and the machine will 
then be a double acting pump or compressor, 
Tt is likewise nnessential that the medium 


should be admitted to the cylinder through. 


such devices for in certain instances ports, 
alternately closed .and opened by the piston, 
may servé the purpose. As a matter of 


'eourse, this novel method of propelling fluids | 


can be extended to multistage working in 
which case a number of pistons will be.em- 
ployed, preferably on the same shaft and of 
different diameters in conformity with well 
established. principles of mechanical design. 
In this way any desired ratio of compres- 
sion or degree of rarefaction may be at- 
tained. | : 
Fig. 4 exemplifies a particularly valuable 


application of the invention to which refer- 
ence has been made above. The drawing 


shows in ‘vertical cross section a. turbine 


which may be of any type but is in this in- 


.35 


stance one invented and. described by me and 
supposed to be familiar to engineers. Suffice 
it to state that the rotor 21 of the same is com- 


‘posed of flat plates which are set in motion 


through. the adhesive and viscous action of 


_ the working fluid, entering the system tan- 
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gentially at the periphery and leaving it at- 


the center. Such a machine is a thermo- 
dynamic transformer of an activity surpass- 
ing by far that of any. other prime mover, 
it being demonstrated in practice that each 
single disk of the rotor is capable of per- 
forming as much work as & whole bucket- 
wheel. Desides, & number of other advan- 
tages, equally important, make it especially 
adapted for operation as an internal combus- 
tion motor. This may be done in many 
ways, but the simplest and most direct plan 
of which I am aware is the one illustrated 
here. Referring again to the drawing, the 
upper part of the turbine casing 22 has bolt- 
ed to it a separate casting 23, the. central 
cavity 24 of which forms the combustion 
chamber, To prevent injury through exces- 
sive heating a jacket 25 may be used, or else 
water injected, and when these means are 
objectionable recourse may ‘be had to air 
cooling, this all the more readily as very 
high temperatures are practicable. The top 
of casting 23 is closed by a plate 26 with a 
sparking or hot wire plug 27 and in its sides 


are screwed two valvular conduits communi-. 


eating with the central chamber 24. One of 
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these is, normally, open. to the atmosphere ` 


while the other connects to a source of fuel 
supply as a gas main 28, The bottom of 
the conibustion chamber terminates in a suit- 
able nozzle 29 which consists of separate 


, piece of heat.resisting material. To regulate 


70 


the influx of the explosion constituents and ` 


secure the proper mixture the air and gas 
conduits nre equipped, respectively, with 
valves 30 and 81. "The .exhnust openings 
32 of the rotor should be in communication 
with a ventilator, preferably carried on the 


. same shaft and of any suitable construction. 


Its use, however, while advantageous, is not 
indispensable the suction produced by the 
turbine rotor itself being, in some. cases at 
least, sufficient to insure proper working. 


This detail is omitted from the drawing as, 


unessential to the understanding. >. 
But a. few words will be needed to make 
clear the mode of operation; The air valve 30 


80 


85 


being open and: sparking established across - 


terminals 27, the gas is turned on slowly un- 
til the mixture in the chamber 24 reaches the 
critical state and is ignited. Both the con- 
duits behavirig, with respect to efflux, as 
closed: valves, the products of combustion 
rush out through the nozzle 29 acquiring still 
greater velocity by expansion and, impart- 
ing their momentum to the rotor 21, start it 
from rest; Upon the subsidence of the ex- 
plosion the pressure in the: chamber sinks 
below the atmospheric owing to the pump- 


-ing action of the rotor or ventilator and new 
air and. gas is. permitted to enter, cleaning 
‘the cavity and. channels and. making up a 


fresh mixture which is detonated as. before, 
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100 


and so on, the successive impulses of the . 


working fluid producing an almost con- 


_ tinuous rotary effort. After a short lapse of 


time the chamber becomes heated to such a 


105: 


degree that the ignition device may be shut : 


off without disturbing the established régime. 
This manner of starting the turbine involves 
the employment of an unduly large combus- 
tion chamber which is notcommendable from 
the economic point of view, for not only does 


it entail increased heat losses but the ex- 


plosions cannot be made to follow one an- 
other with such rapidity as would be desir- 
able to. insure the best valvular action. 
When the chamber is small an auxiliary 
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115 


means for stárting, as compressed sir, may . 


be resorted to and a very quick succession 
of explosions can then be obtained. The 
frequency will be the greater the stronger 
the suction, and may, under certain condi- 
tions, reach hundreds and even thousands 
per second. It scarcely need be stated that 
instead of one. several explosion chambers 
may be used for cooling purposes and also 
to increase the number of active pulses and 


ће output of the machine. 


Apparatus as illustrated in Fig. 4 pre- 


sents the advantages of extreme simplicity, 
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cheapness and reliability, there being no 
‘compressor, buckets or troublesome valve 
mechanism. It also permits, with the addi- 
tion of certain well-known accessories, the 
use of any kind of fuel and thus meets the 
pressing necessity of a self-contained, pow- 
erful, light and compact. internal combus- 
tion motor for general work, When the at- 
tainment of the highest efficiency is the chief 
object, as in machines of large size, the ex- 
plosive constituents will be supplied under 
high pressure and provision made for main- 
taining a vacuum at the exhaust. Such ar- 
‘angements are quite familiar and lend 
themselves so easily to this improvement that 
an enlargement on this subject is deemed 
unnecessary. 

The foregoing description will readily 
suggest to experts modifications both ns 
regards construction and application of the 
device and F do not wish to limit myself in 
these respects. The broad underlying idea 
of the invention is to permit the free pas- 


sage of a fluid through a channel in the di- 
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5 rection of the flow and to prevent its return 


through friction and mass resistance, thus 
enabling the performance of valve functions 
without any moving parts and thereby ex- 
tending the scope and usefulness of an im- 
mense variety of mechanical appliances. 

I do not claim the methods of and appara- 
tus for the propulsion of fluids and thermo- 
dynamic transformation of energy herein 
disclosed, as these will be made subjects of 
separate applications, ` . 

I am aware that asymmetrical conduits 
have been constructed and their use pro- 
posed in connection with engines, but these 


have no similarity either in their construc-' 


tion or manner of employment with my 
valvular conduit. They were incapable of 
acting as valves proper, for the fluid was 
merely arrested in pockets and deflected 
through 90°, this result having at best only 
25% of the efficiency attained in the con- 
struction herein described. In the conduit 
I have designed the fluid, as stated above, 
is deflected in each cycle through 860°, апа 
a co-efficient approximating 200 can be ob- 
ained so that the device acts as a slightly 
leaking valve, and for that reason the term 
“valvular” has been given to it in contrast 
to asymmetrica] conduits, as heretofore pro- 
“posed, which were not valvular in action, 
but merely asymmetrical. as to resistance. 
Furthermore, the conduits heretofore con- 
structed were intended to be used in connec- 
tion with slowly reciprocating machines, in 
which case enormous conduit-length would 
be necessary, all this rendering them devoid 
of practical value, By the use of an effective 
valvular conduit, as herein described, and 
the employment of pulses of very high fre- 
quency, I am able to condense my appa- 
ratus and secure such perfect action as to 
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dispense successfully with valves in numer- 
ous forms of reciprocating and rotary en- 
gines. 

The high elliciency of. the device, irre- 
spective of the character of the pulses, is 
due to two causes: first, rapid reversal of 


direction of flow and, second, great relative. 


velocity of the colliding fluid columns. As 
will be readily seen each bucket causes a 
deviation through an angle of 180°, and an- 
other change of 180° occurs in each of tho 
spaces between two adjacent buckets. That 
is to say, from the time the fluid enters or 
leaves one of the recesses to its passage into, 
or exit from, the one following a complete 
cycle, or deflection through 360°, is effected. 
Observe now that the velocity is but slightly 
reduced in the reversal so that the incom- 
ing and deflected fiuid columns meet with a 
relative speed, twice that of the flow, and 
the energy of their impact is four times 
greater than with a deflection of only 90°, 
as might be obtained with pockets such as 
have been employed in asymmetrical con- 
duits for various purposes: The fact is, 
however, that in these such deflection is not 
secured, the pockets remaining filled with 
comparatively quiescent fluid and the latter 
following a winding path of least resist- 
ance between the obstacles interposed. In 
such conduits the action cannot be charac- 
terized as “valvular” because some of the 
fluid can pass almost unimpeded in a direc- 
tion opposite to the normal flow. In iny 
construction, as above indicated, the resist- 
ance in the reverse may be 200 times that in 
the normal direction, Owing to this a com- 
paratively very small number of buckets or 
elements is required for checking the fluid. 
To give a concrete idea, suppose that the 
leak from the first element is represented 


by the fraction > then after the-nth bucket 
- п 

is traversed, only a-quantity (x) will es- 

cape and it is evident that X need not be a 


large number to secure a nearly perfect 


valvular action. 

What I claim is: 

1. A valvular conduit having interior 
walls of such conformation as to permit the 


-free passage of fluid through it in the direc- 


tion of flow but to subject it to rapid re- 
versals of cirection when impelled in the 
opposite sense and thereby to prevent its 
return by friction and mass resistance. 

2, A valvular conduit composed of a 


‘closed passageway having recesses in its 


walls so formed as to permit a fluid to pass 
freely through it in the direction of flow, 
but to subject it to rapid reversals of direc- 
tion when impelled in an opposite sense and 
thereby interpose friction and mass resist- 
ance to the return passage of the same. 

3, A valvular conduit composed of a tube 
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or passageway with rigid interior walls 
formed with a series of recesses or pockets 
with surfaces that reverse à fluid tending 
to flow in one direction therein and thereby 


check or prevent flow of the fluid in that 


direction. 

4. A valvular conduit with rigid interior 
walls of such character as to offer substan- 
tially no obstacle to-the passage through it 
of fluid impulses in one: direction, but to 
subject the fluid to rapid reversals of direc- 
tion and thereby oppose and check impulses 
in the opposite sense. `. 

5. A valvular conduit with rigid interior 
walls formed to permit fluid impulses under 
pressure to pass freely through it in one 
direction, but to 


subject them to rapid re- 


versals of direction through 360° and there- 
by check their progress when impelled in 
the opposite sense. —— 

(, A valvular: conduit with rigid interior 
walls which permit fluid impulses. to flow 
through it freely in one direction, formed at 
a plurality of points to reverse such fluid 


‘impulses when impelled in the opposite di- 


rection and check their flow. 
7, A valvular conduit with rigid interior 
walls having 


mit the free passage of fluid impulses in one 
direction but to deflect and check them when 
impelled in the opposite direction. 
tn testimony whereof I affix my signature. 
2. © NIKOLA TESLA. : 
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pockets or recesses, and trans- . 2 
versely inclined intermediate baffles to per- 
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To all whom tt may concern: 

Be it known that I, Nrxona Testa, a 
citizen of the United States, residing at 
New York, in the county and State of New 
York, have invented certain new and use- 
ful Improvements in Flow-Meters, of which 
the following is a full, clear, and exact de- 
scription. 

My invention relates to meters for meas- 
urement of velocity. or quantity of fluid 
flow. Its chief object is to provide a novel 
structure, simple, inexpensive and efficient, 
directly applicable to a conduit through 
which the fluid flows, and arranged to give 
instantaneous readings in terms of velocity, 
or quantity. 


In the drawings I have shown a single 


embodiment of my invention in desirable | 


form, and therein— 
Figure 1 is a central, 
showing the device in use; 


vertical section 


Fig. 2 is a plan detail of the indicating 


instrument with parts in section; ` 

Fig. 3 is a horizontal section on line 3—3 
of Fig. 1, and 

Fig. 4 is an enlarged section on line 4—4 
of Fig. 1. 

Assuming that the flow of liquid 10 
through a main 11 is to be measured as in 
gallons per hour, or feet per second, the 
main is tapped as at 12 and into the threaded 
orifice is screwed the body-casting of the 
flow-meter 13. This casting has a threaded 
waist 14, centrally apertured to receive the 
bedring bushing 15, the upper portion of 
the casting being formed as a shell 16 for 
incasing the indicating mechanism, and its 
lower portion prolonged as a tube 17, ter- 
minating in a head 18 to receive the flow- 
driven element. The latter, I prefer, shall 
be a turbine of the type commonly identified 
bv mv name.. Illustrating simply its essen- 
tial elements, the rotor, 19, is made up 
of centrally apertured parallel disks 20, 
closely spaced and mounted on a shaft, 21, 
extending through a shell 22 confined with- 
in the head 18 above the plug 23 that closes 
the bottom of the head and carries an ad- 
justable step-bearing screw 24. Inlet noz- 
zles 95, in the wall of head 18, direct the 
liquid to the disks tangentially to set the 
latter in rotation and the water finds es- 
the outlet passages 26 of the 


shell 22 and ports 27 of the head 18. Ртеї. 


5 erably the length of tube 17 should be such 


as to dispose the turbine rotor approxi- 
mately at the center of the main, and of 
course the turbine will rotate at a rate lin- 
early proportional to the velocity of the 
fluid at that point, according to a practi- 
cally-determined constant. | 

Turbine shaft 21 connects with shaft 30 


of the indicator, that preferably is of mini- 


mal diameter for the work to be done and 
that passes through the long bushing 15 for 
direct connection with the indicator 31. The 
primary element, 32, of this indicator, di- 
rectly. mounted on said shaft 30, preferably 
comprises a cup having multiple vertical 
walls 33 in concentric arrangement, these be- 
ing interleaved with inverted cup walls 34 
of a secondary element 35, that is pivoted 
and torsionally restrained and that bears a 
movable element of the reading 
Specifically, the secondary element may have 
its inverted cup walls made of very thin 
aluminum mounted on arm 36, affixed to the 
spindle 37 that runs in jewel bearings car- 
ried by a yoke 38, supported on a bridge 
piece 39 spanning the casing 16. A coiled 
spring 40, at one end fast to the spindle 37 
and its other end adjustably secured in 
split stud 41, on bracket 38, resists displace- 
ment of the secondary element which carries 
on its top a reading scale 43, graduated in 
terms of gallons per hour, feet per minute, 
or other units of measurement. This dial 
moves below the stationary pointer 44 that 
is visible through the sight-glass 45, carried 
by the cover cap 46 and tightly sealed. By 
constructing the indicator in accordance 
with principles fully explained in my Pat- 
ent No. 1,209,359 the primary element, aci- 
ing through the viscous or adhesive prop- 
erties of air or other fluid medium filling 
the casing, is caused to displace the scale- 
bearing member against the tension of its 
spring substantially in linear proportion to 
the speed of rotation of the primary ele- 
ment, and by observing the conditions req- 
uisite to make the torque bear a rigorously 
linear proportion to the speed, and making 
the spring to permit deflections proportion- 
ate directly to the turning effort, the scale 
may be graduated uniformly without the 
employment of any compensating mecha- 
nism to this end. 

The pressure or density of the gaseous 
fluid medium in the casing 60 should not be 
subject to change under varying conditions 
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of pressure within the main, or the readings — special compensating mechanism. makes a 


might be seriously inaccurate; nor, obvi- 
ously, should escape of the liquid from the 
main into the indicator casing be permitted, 
To seal the running bearing of shaft 30 
adequately to withstand. very considerable 
pressures, I make what I term a “mercury- 
lock? by the following provision: the shaft 
30 is made of fine steel of great and uniform 
density and the bushing 15 is preferably of 
hard copper, these having diameters leaving 
a clearance of only a few thousandths of an 
inch,—much too small for the capillary ad- 
mission of mercury. These surfaces are 
treated for amalgamation with mercury. 
The bearing-portion of the shaft 30 is thinly 
copper plated, and then both bearing sur- 
faces are coated, in a quickening solution, 
with mercury, after which the mercury- 
filmed parts are assembled. In this way, as 
sought graphically and exaggeratedly to be 
represented in Fig. 4, the mercury body 50 
is introduced into the very narrow clearance, 
and although it is a unitary seal in its re- 
sistance to the passage of air or water, it 
may practically be regarded as forming two 
mirror-surfaced films between the bushing 
18 and the copper plating 51 on shaft 30. 
I have found such a mercury lock makes a 
very effective and enduring seal while per- 
mitting adequately free rotation of the 
shaft. - 

The combination of turbine rotor and air 
drag indicating mechanism as above de- 
scribed is especially advantageous in that 
the small turbine, developing a high shaft 
speed under even rather slow fiuid flow, in- 
sures that the speeds of the primary ele- 
ment will be ample to result in high torque, 
so that the indicator may be of relatively 
rugged construction, Furthermore, the 
practical insensibility of the air drag in- 
strument to temperature changes, without 


very simple construction available for many 
and variant uses. And since linear relation- 
ships exist between the rate of liquid flow, 
turbine-rotation and indicator-displacement, 
accurate marking of the scale in uniform 
graduations depends only upon the estab- 
lishment of certain easily-ascertainable con- 
stants for any given conditions. 

What I claim is: 

1. A flow-meter comprising a body hav- 
ing a pipe engaging portion, a lower head 
of smaller diameter and an upper casing, a 
vertical shaft extending through said body, 
a disk-turbine in said head directly connect- 
ed with said shaft, said head having inlet 
and outlet openings to the turbine disks, 


"nd indicating means comprising a rota- 


table primary element directly connected 


“with said vertical shaft and a torsionally- 


restrained secondary element displaceable 
by the first and equipped to show its dis- 
placement in desired terms. 

2. In a device of the character described. 
the combination of a body fitting having an 
intermediate part for pipe engagement, a 
lower head, and an upper shell, a shaft pass- 
ing vertically from said shell to said head. a 
pressure-resisting seal for said shaft adja- 
cent said pipe engaging portion of the body, 
an indicator in said shell comprising a rota- 
table primary member having a vertical axis 
and directly connected with the upper end 
of said shaft, a torsionally-restrained вес- 
ondary element displaceable by the first, said 
secondary element associated with a scale for 
showing its deflections in desired terms. ancl 
а horizontal disk-turbine rotor in said head, 
said rotor directly connected with the bot- 
tom of said shaft, said head having inlet 
and outlet openings to the rotor disk. 

In testimony whereof I afix my signature. 
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To all whomit may concern: m 

Be it known that I, Nixora Testa, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Frequency Meters, of which 
the following is a full, clear, and exact de- 
scription. | 

In many instances in practice it js. very 
desirable and important to ascertain the fre- 
queney of periodie currents or electric oscil- 
lations and. therefrom the speed of rotation 
or reciprocation: of the generating or con- 
trolling apparatus. | 

The devices commonly used at present for 


this purpose and designated *frequency me- 


ters" generally consist of reeds or bars tuned 
to respond to impulses of definite periods, 
or a direct current dynamo coupled to the 
alternating generator or frequency controller 
and connected. with. an instrument, of volt- 
meter construction, graduated to indicate 
the instantaneous frequency of the current. 


Both of these forms are objectionable from. 


many points of view, being subject to vari- 
ous limitations of practical availability and 
to disturbing influences, all so well known to 
experts as to dispense with the necessity of 
enlarging upon them on this occasion. | 

My invention has for its object to provide 
a frequency meter of great accuracy, struc- 
tural simplicity, wide range of use, and low 
cost, all adequate to meet the pressing de- 
mand for à commercial and scientifically sat- 
isfactory instrument of improved form. 

In the drawings, wherein I have illus- 
trated a single embodiment of my invention 
for purposes of disclosure, — _ 

Fig. 1 is a central vertical section through 
the frequency meter, with diagrammatic ex- 
tension to indicate an available manner of 
connecting it to a two-phase generator; 

Fig. 2 is an end view; : 

Fig. 3 is a side elevation with the cover in 
section, and Fig. 4 is a side elevation of th 
instrument from its reading side. 

It will be understood that the specific con- 
struction of instruments embodying my in- 
vention may be modified in many ways ac- 
cording te the demands of the electrical or 
mechanical environment in which it is to be 
used, and while I shall describe in detail a 
specific construction, illustrated in the draw- 
ing, it is without intent to limit my inven- 


tion in its broader. aspects to matters of de- 
ail. | 

5 represents diagrammatically a two-phase 
generator, typifying the machine controlling 
the frequency to be measured, and having 
suitable connection by wires 6 with the syn- 
chronous-motor element of the frequency 
meter, indicated as a whole by 7. The motor, 
8, will of course have field poles and arma- 
ture bars appropriate to the character of the 
current. supplied from the generator 5, the 
motor being of the split-phase, two-phase, 
or other type, as needed. A frame 10, hav- 
ing lugs 11, or other means of support, pro- 
vides a cup-formed shell 12 with a top wall 
13 furnished with a central bearing tube 14 
and with suitable supporting means, as 15, 
for the stationary field structure 16. A cap 17, 
screw threadéd at 18, and suitably packed, 
hermetically seals one side of the motor cas- 
ing into which the connecting wires are led 


‘through any suitable sealing and insulating 
.bushings 19. 


For accuracy and promptness of response 


.to frequency-variations, the armature struc- 


ture 21, as a whole, with its attachments 
should be of very light weight and so 
equipped that its work is minimized. Hence 
it is important both that the construction of 
the armature element be designed with ref- 
erence to smallness and consequent lightness 
of parts, and that its frequency-indicating 


equipment be of a character imposing the: 


lightest load on the armature. Specifically, 
the armature lamins 22 are carried on a 
light disk 93, fixed to the vertical shaft 94, 
that is supported by ball bearings 25 and 26, 
in tube 14, and, above the wall 13, carries 
the driving member of the indicator device 
98. This appliance comprises, as its pri- 


mary element, 29, a non-magnetic disk 30, · 


of brass, say, having annular spaced, con- 
centric walls 31, and as its secondary ele- 
ment, 32, a pivoted part including very 
light, annular walls 33 interleaved with the 
walls 31 and affording extensive smooth fric- 
tion surfaces, very closely adjacent to, but 
nof contacting with, the kindred surfaces of 
the primary member so that through the 
thin films of fluid, preferably air, interven- 


ing between them, torque may be transmit- ; 


ted from the primary to the secondary ele- 
inent in substantially linear proportion to 
the speed of the primary. Posts 35, mounted 
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in the top wall of the frame, support a 
bridge piece 36 that carries a bearing yoke 
87, affording upper and lower jewel bear- 
ings 38 and 39, the former contained in a 
bushing 40 threaded for adjustment in the 
yoke and set by a nut 41, such bearings re- 
ceiving the spindle 49 from which extends, 
rigidly, the arm 438 carrying the annular 
walls of the secondary element. А spiral 
spring 44, fixed at one end to the shaft 42 
and at its ether end clamped adjustably in 
the split stud 45 on bracket 37, permits ro- 


tary displacement of the secondary element, . 


substantially in linear proportion to. the 
force applied. A scale 48, printed on or 
otherwise affixed to the outermost wall of 
the secondary element, is graduated 1n units 
of frequency and its indication point is de- 
termined by a fixed pointer 49 that is fixed 
at the edge of a transparent sealed window 
50 of the casing shell 51 of cup formation, 
that is secured in sealed relation to the wall 


.18 as by packed screws 52 engaging bosses 
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53 on the bridge piece 36 so to complete the 
hermetic. enclosure of the chamber contain- 
ing the indicating elements. Such hermetic 
closure is not necessary in many instances 


‘but may be desirable. 


In my copending application Serial No. 
841,726 filed May 29th, 1914, Patent No. 
1,209,359 I have set forth in detail certain 
laws the observance of which results in at- 


' tainment of rigorous proportionality of de- 
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flections to` speed in an “air drag” instru- 
ment, and all of such conditions may be ob- 
served to advantage in constructing the in- 
dication-giving element of the frequency 


` meter. 


It will be noted that an instrument as 
herein. described has many structural and 
operative advantages. The translating in- 
strument, giving the frequency - reading, 
when constructed for use of air as the trans- 
mitting medium, may be of size to give am- 
ple torque, but if desired the ensealed mech- 
anism may be operated in air or other, pref- 
erably inert, gases of more than atmospheric 
density for increase of the torque. The air 
drag instrument is substantially unaffected 
in accuracy by temperature changes, with- 


` out special compensating mechanism, and is 
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therefore practically insensible to the heat- 
ing effect of the subjacent motor, and the 
double-chamber construction segregating the 
motor and translating device prevents the 
latter from being affected by air-currents 
engendered by the motor-operation. Fur- 
thermore, the indicator structure may be 
made immune to magnetic influence and 
eddy currents, however intense, by making 
its secondary element of appropriate non- 
shrinkable, insulating material, as com- 


.pressed fiber, although in many instances 


the partition 13, acting as a shield for the 
indicator obviates the necessity for such pro- 
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vision. The small size, low cost and ease of 
maintenance, due to the simplicity of the 


construction are especially desirable. 


What I claim is: E 
1. In a frequency meter, the combination 


-I 


0 


of a synchronous motor, and a speed-respon- ^ 


sive device, having a primary element con- 
nected to the armature shaft, and a pivoted 
torsionally-restrained secondary element, de- 


flectable in substantially linear proportion ` 


to the speed of the primary and calibrated 
in terms of electrical frequency.. 

2. In a frequency meter, the combination 
of a synchronous motor and a speed-respon- 
sive device, said motor having an armature 
of light construction and said speed-respon- 
sive device comprising a primary element 
carried in rotation by said armature, and a 
torsionally - restrained secondary element, 
these elements having extensive confront- 
ing, closely adjacent friction surfaces, co- 
operating through interposed films of a fluid 
medium for displacement of said secondary 
element in substantially linear proportion to 
the speed of rotation of the primary element. 

8. In a frequency meter, the combination 
of a synchronous motor and a speed-respon- 
sive device, the former havin 
of light construction and the latter compris- 
ing a primary element, carried in rotation 
by said armature, and a torsionally-re- 
strained secondary element, these elements 
having extensive confronting, closely adja- 
cent friction surfaces, cooperating through 
interposed films of air for displacement of 
said secondary element: in substantially 
linear proportion to the speed of rotation of 
the primary element, said secondary bearing 
a scale calibrated in terms of frequency. 

4, A frequency meter comprising, in com- 
bination, a synchronous induction motor, 


oo 


0 


90 


an armature 


e 


$ 


having a shell carrying the field, and a rota- . 


table armature within the chamber of said 
shell having its shaft extended through said 
shell; and a speed-responsive device, com- 
prising a closed casing, a non-magnetic pri- 
mary element mounted upon said armature 


shaft, a separately mounted secondary ele- 


ment pivoted and torsionally restrained, 
said elements having opposed, closely adja- 


cent non-contacting surfaces, co-operating ` 


through interposed films of a fluid medium 
through which torque is transmitted to the 
secondary in approximately linear propor- 
tion to the speed of the primary member, 
and a visible scale uniformly graduated in 
terms of frequency carried by the Second- 
ary member. - 

5. A frequency meter comprising a sealed, 
air-containing casing divided into two com- 
partments, a shaft extending into both com- 
partments, a synchronous motor in one com- 


partment adapted to drive said shaft and an - 


indicating device in the other, seid device 
having a primary rotatable element con- 


130 


сл 


10 


15 


20 


25 


30 


86 


1,402,025 © 


nected with the shaft, a separately mounted, 
indication-controlling element and a spring 
restraining the latter, said elements having 
extensive, confronting, closely adjacent, non- 
contacting surfaces cooperating through the 
interposed air films for displacement of the 
secondary, at all ordinary temperatures, ap- 
proximately in linear proportion to the 
speed of the primary element. | 

6. In a frequency meter, the combination 
of a synchronous motor having an arma- 
ture of light construction, a speed-respon- 
sive device comprising a primary element 
carried in rotation by the said armature 
and a torsionally-restrained secondary ele- 
ment, said elements having extensive con- 
fronting closely adjacent friction surfaces 
cooperating through interposed films of air 
for displacement of said secondary element 
in substantially linear proportion to the 


‘speed of rotation of the primary element, 


and a wall interposed between the armature 
of the motor and the speed-responsive device 
for shielding the latter from air disturb- 
ance caused by rotation of the former. 

7. A frequency meter comprising a casing 
divided into two compartments, a shaft ex- 
tending into both thereof, a synchronous 


motor in one compartment adapted to drive. 


said shaft and a speed-responsive device in 
the other having a primary element con- 
nected for rotation with said shaft, a sepa- 
rately mounted, torsionally-restrained indi- 
cating element, said elements having exten- 
sive confronting, closely adjacent, non-con- 
tacting surfaces cooperating through inter- 


. elements 


posed gaseous films for displacement of the 
secondary, approximately in linear propor- 
tion to the speed of the primary element. 


8. In a frequency meter, the combination 44 


of a synchronous motor and a speed-respon- 
sive device, said motor having a light arma- 
ture and a shaft, and said speed responsive 
device comprising a primary element of non- 
magnetic material carried by the armature 45 
sliaft and a torsionally-restrained secondary 
element, these elements having extensive, 
confronting, closely adjacent, non-contact- 
ing surfaces cooperating through interposed 
films of a fluid medium for displacement of 50 


.the secondary element in approximately 


linear: proportion to the speed of the pri- 
mary element, and a containing structure 
ensealing the speed responsive device. 

9. In a frequency meter, the combination 55 
of a synchronous motor having an armature 
of light construction, a speed-responsive de- 
vice comprising a primary element carried 
in rotation by the said armature and a. tor- 
sionally-restrained secondary element, said 60 
having extensive confronting, - 
closely adjacent friction surfaces cooperat- 
ing through interposed films of air for dis- 
placement of said secondary element in sub- 
stantially linear proportion to the speed of 65 
rotation of the primary element, and means 
interposed between the armature of the 
motor and the speed-responsive device for 
shielding the latter. from air disturbance 
caused by rotation of the former. 70 

In testimony whereof I affix my signature. 

NIKOLA TESLA. 


Jan. 3, 1928. 1,655,113 


| N. TESLA 
METHOD OF AERIAL TRANSPORTATION 
Filed Sept.9, 1921 






































< 3 


—< 


S A Ac 

(а 
405 

C —¿zezzz: Z> 


2222 6 
70 £ (z 9 





























Ж `, y INVENTOR 


BY 
Itea degr rro Me 
ATTORNEYS, 


Patented Jan. 3, 1928. 7 | | | | 1,655,113 
UNITED STATES PATENT OFFICE. | 





| NIKOLA TESLA, OF NEW YORK, N. Y. 
METHOD OF AERIAL TRANSPORTATION, 
- Application fled September 9, 1921, Serial No. 499,519, and in Great Britain April 1, 1921. 


The utility of the aeroplane asa means of no success has as yet been achieved. Evi- 
transport is materially lessened and its com- dently, this is due to the inadequacy of the: 
‘mercial introduction greatly hampered ow-. engines employed and, perhaps, also to cer- 
ing to the inherent inability of the mecha- tain heretofore: unsuspected. characteristics 
5 nism to readily rise and alight, which is an of the’ device and. fallacies in the accepted 60 
unavoidable consequence of the fact that the theory of its operation, an elucidation of. 
required lifting force can only be produced: which is deemed necessary for the clear. 
by a more or less rapid translatory тпоуе- understanding of the subject. ` | 
ment of the planes or foils. ;In actual ex- The prospects of a flying machine of this 
10 perience the minimum speed for ascension kind appear at first attractive, primarily be- 65 
and janding is a considerable fraction of that’ cause it makes possible the carrying of great... 
in full flight; and the principles of design loads with a relatively small expenditure of ^ 
do not admit of a very great advancé in energy.. This follows directly from the 
this respect without sacrifice of some de- fundamental. laws of fluid propulsion, laid 
5 sirable feature. For this reason planes of down by W. T. M. Rankine more than fifty 70 


~ 


. very large area, high lift wing-sections, de- years ago, in conformity with which the 
flectors of the slip-stream of the.propeller, thrust is equal to the integral sum of the 
or analogous means, which might be helpful products of the masses and velocities ‘of the 
in these operations, do not afford the remedy projected air. particles; symbolically ` ex- 


t$ 


99 sought. This indispensable high” velocity, pressed, f 75 
.. imperilling life and property, makes it neces. ~ | Т= (то). 
sary to equip the machine with special | 242. © 
appliances and provide suitable facilities at On the other hand, the kinetic energy of the 
the terminals of the route, all of which en- ar set in motion is | 
5 tail numerous drawbacks and difficulties of . 80 


a serious nature. ‘So imperative has it be- B= 2(5 me? ) E 
come to devise some. plan of doing away mE ~. 227 . 
with these limitations of the aeroplane that From these equations it is evident that a. 
the ‘consensus of expert opinion charac- great thrust can be obtained with à compara- 
80 terizes the problem as one of the most press- tively small amount of power simply by in- 85- 
` ing and important and its practical solution creasing the aggregate mass of the particles 
is eagerly awaited by those engaged in the snd reducing their velocities. Taking a 
development of the art, as well as the gen- special case for illustration, if the thrust . 
eral: publies ©- . under given conditions be ten pounds per | 
. Many attempts have been made to this horse-power, then a hundredfold increase of 99 
` end, mostly based on the use of independ- the mass of air, accompanied by a reduction 
ent devices: for the express purpose of facili- of its effective velocity to one-tenth, would 
tating and insuring the start -and finish of produce a force of one hundred pounds per 
the aerial journey, but the operativeness of horsepower. But the seemingly great gain 
40 the arrangements proposed is not conclu- thus secured is of little significance in avia- 95 - 
sively demonstrated and, besides, they are tion, for the reason that a high speed of 
objectionable, constructively or otherwise, to. travel. is generally an essential requirement 
such.an extent that builders of commercial which can not be fulfilled except by 
apparatus have so far not considered them propelling the air at high velocity, and 
45 of sufficient value to denit from present: that obviously implies a relatively small 100 
-practice 0020022. - thrust.. ШИША . 
More recently, professional attention has ^ Another quality commonly attributed tc 
.. -been turned to the helicopter which is devoid the helicopter Is great stability, this being, 
`.. of planes as distinct organs of support and, apparently, 2 logical inference judging from 
` presumably, enables both vertical and hori- the location of the centers of gravity and 105. 
zontal propulsion to be satisfactorily accom-. pressure. It will be found, though, that con- 
plished through the instrumentality of the trary to this prevailing opinion the device, 
propeller “alone. However, although” this while moving in any direction other than up 
idea is quite old and: not a few. experts have or down, is in an equilibrium easily dis- 
5 endeavored to carry it out in various ways, turbed and has, moreover, a pronounced 110 
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tendency. to oscillate.’ It is true, of course, 
that when the axis of the propeller is verti- 


cal and the ambient air quiescent the ma- - 


chine is stable to a degree, but Íf it is tilted 
even slightly, or if the medium becomes 
agitated, such is no longer the case. . 
In explanation of this and other. peculi- 
'aritiés, assume the helicoptér poised im still 
aif at a certain height, the axial thrust T 
just equalling the weight, and let the axis of 
the propeller be inclined to form an angle a 


` ` with the horizontal. The change to the new 


"position will have.a twofold effect: The ver- 
‘tical thrust will be diminished to > 


| TT sine © c, 
' and at the same time there will be produced a 
“horizontal thrust” ` o0! 

ТТ сов а. С 
"Under the action of the unbalariced force of 


gravity the machine will now fall along a . 


curve to.à level below and if the inclination 
of the propeller- as well as its speed of rota- 
5 tion, remain unaltered during the descent, 
the forces-T, T, and T, will continuously 
increase in proportion to the density of the 
air until the vertical component T, of the 
. axial thrust T becomes equal to the gravita- 
tional attraction. "The extent of the drop 


— "will be governed by the inclination .of the 


propeller axis and for.a given angle it will 
be, theoretically, the same no matter at what 


altitude- the events take place. To get an. 
idea of its magnitude suppose the elevations. 


of the upper‘and lower strata measured from 
sea level: be 2, апа A, respectively, d, and, 


`. d, the corresponding air-densities and H= 


.. 296700 feet the height of the.“ uniform atmos-, 


-phere,” then as a-consequence 


of Boyle’s law 
the relation will exist. и 


20022: о ће овај 
Tt is evident that f | ' . 





Um op a eg 
e т, “Тапа a sina must be equal to d | 


їп order that the vertical component of the- 


80 axial thrust in the lower stratum should 
just support the weight. -Hence = 7 


us hhi og, diu 


Taking, in à special case. the angle «=60°, 
Есте жиені 


and 7. и 
(^. h 796226700 Xlog, 11547 —3840 feet. 


In reality the drop will be much greater 


for the machine, upon reaching the lower 
layer with a high velocity relative to the 


- described become rectilinear. 


. over, t t 
` regenerative quality, the force increasing -as 


© озе=459. 
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medium, will be urged further down along: 


the curved path and the kinetic energy, in 
the vertical sense, possessed by the moving 
mass must be annihilated’ before: the fall is 
arrested. in a. still denser air stratum. . At 
this point the upward thrust will be far in 
excess of the opposed pull of the weight and 
the apparatus will rise with first increasing 
and then diminishing speed to a height which . 
may approximate the original.. From there 
it will again fall and so on, these operations - 
being repeated during the forward flight, 
the up and. down excursions from the main 
horizontal line gradually diminishing in 


: magnitude. After a lapse of time, deter- 


mined by numerous influences, the-excur- . 
sions should cease altogether and the path 


next to impossible as‘can be readily shown ` 
by pointing out another curious feature of 
-the helicopter. =. ^ nm i 

In the foregoing the axis of the propeller 
was: supposed to move-always parallel to 
itself, which result. might. be accomplished 
‘by the use of an adjustable aileron... In this 
“connection it may be pointed out, however, 
that such a device will riot act in the manner 
of a rudder, coming into full play at inter- 
vals only and performing its funetions eco- 
nomically, but will steadily absorb energy, ° 
thus occasioning a considerable waste of. 
motive power and adding another to the 
many disadvantages of the helicopter. : 

Let now the machine bé* possessed of a |. 
certain degree of freedom, as will be the case ° 


“normally, and observe in the first place that 
the blades of the propeller themselves con-. . 


stitute planes developing a reaction thrust, 
the pressure on the lower leading blade being 
greater than that exerted on the -higher one 
owing to the compression of the air by the ` 


<: body of the machine and increased density 


in that region. This thrust, tending to 
diminish the angle. «œ, will obviously vary ` 
during one revolution, being maximum in a + 
position. when the line of symmetry of the _ 
two propeller blades and that of flight are ` 
in a vertical plane and minimum. at right 


‘zontal. speed is great it may be considerable 


-and sufficient to quickly overcome the inertia ` 
_ and gyrdscopic resistances all the more read- - 
ily as the upper blade, which is situated ina · : 
-region where the conditions are more nearly ` ` 


normal, operates to the same effect. _More- ` 
his disturbing effect partakes of the. 


the angle diminishes up to a maximum for 
As the axis 18 ‘tilted more and 


. more, the vertical sustaining effort of the pro- 
'' peller will correspondingly diminish andi the 


‘machine will fall. with a rapidly increasing ` 


-velocity; finally exceeding the horizontal 


when the reaction of the blades will be |, 


‘directed upward so as to increase the angle 


But this is - 


angles to it: Nevertheless, when. the hori- .. - 


A 


10 


· е same, a. greater 
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« and thereby cause the machine to soar 


higher. Thus periodic oscillations, .accom- 
panied by ascents and descents, will be set up 


‘which may well be magnified té an extent 


such as to bring about a complete overturn 
and plunge to earth. : 

It is. held by some- experts that the heli- 
copter, because of its smaller. body -resist- 
ance, would be capable of a higher speed 
than the aerophane. But this is an er- 
roneous conclusion, contrary to the laws of 


propulsion. It must be borne in mind that 


in the former type, the motive power being 
mass of air.must he set 


in motion with a velocity smaller than in 


the latter, consequently it must be inferior 


in speed. But even if the air were pro- 
pelled in the direction of the axis of the 


. screw. with the.same. speed. V in both of 


20 


them, while the aeroplane can approximate: 


. the same, the helicopter could never. ex- 


25 


ceed the horizontal- component V cos w. 
To be explicit, imagine that the air cur- 
rent flowing with the velocity V along the 
propeller axis inclined to form an angle « 
with the horizontal, be replaced by two 


_ Streams one vertical and the other hori- 


30 


zontal of velocities. respéctively equal to V: 
sin а and V cos a, it will be evident that a. 
.helicopter in its forward "flight could only. 


‘approximate and never equal the speed V 


s 


а 


40 


45 


50 


cos a of the horizontal air current no matter | 


how much ‘the resistance be reduced for, 
according to a- fundamental law of propul- 
sion, the thrust would be nil at.that velo- 
city. The highest efficiency should be ob- 
tained with the machine proceeding at the 


rate 1 V cos « but the most economical 


utilization of power would be effected when 
a=45° in which case the speeds of both the 
horizontal and. vertical streàmis wil be 
0.7 V. From this it may be inferred that, 


theoretically, the best performance misht 


be secured in ‘propelling the ‘helicopter for- 
ward. with a speed more or less 


beeause -without special ; 
as are herein set. forth the device, as pointed 
out above, would plunge down and shoot 
up In succession, at the same time executing 


.provisions .such 


Smaller oscillations,. which motions will 


55 


30 


: motor, 


` {ег, 


retard its flight and consume a considerable 
portion of. the motive energy all the more 
So as the losses incident to the controlling 
means will be correspondingly increased. . 

‘Another very serious defect of this kind 
of flying machine, from the practical point 
of view, is found in its inability of support- 
ing itself in the air incase of failure of the 
the projected area of the propeller 
blades being inadequate for reducing the 
speed of the fall sufficiently to avoid disas- 
and this is an almost fatal impediment 


15 - to its commercial use. 


( арртохі-. 
mating 0.35 V bit the results attained in- 
. practice. will be necessarily much inferior. 


. From the precedin, 
ignored in the technica publications on the 
subject, it will be clear that the successful 
solution of the problem is in a. different 


direction, © | , 
My invention meets the present necessity: 


in à simple manner without radical depar- 
ture in construction and sacrifice of. valu- 
able features, incidentally securing advan- 
tages which should prove. very beneficial 
in the further development of- the art. 
Broadly. expressed, it. consists in a novel 
method of transporting bodies through the 
air according to which the machine is raised 
and lowered solely by the propeller and 
sustained in lateral flight by planes. To 
accomplish this a light and. powerful prime- 
mover is necessary and as particularly suited 
for the purpose I employ, preferably, a 
turbine of the kind described ; | 
Patent No. 1,061,206, of May 6, 1918, which 
not only. fulfills these requirements, but is 
especially adapted to operation at high tem- 
perature. | also make arrangements 
whereby the flying machine. 
matically or at will of the operator, caused 
to function either as a, helicopter or an 
aeroplane.. ` ` | . 


in my U. S.. 


may be, auto- : 


facis, which are | 


10 


5 
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Full knowledge. of “these improvements ` 


will be readily gained by reference to the 
accompanying drawings in. which Fig. 1 il- 


lustrates the machine in the. starting or land- ` 


ing position and Fig. 2, in horizontal flight. 


‘Fig. 3 is a plan view of the-same with the 


upper. plane partly Lroken away. 

e structure is composed of two planes or 

foils 1, 1 rigidly joined. ‘Their length and 
istance apart may be such as to form a near- 

Square for the sake of smallness and com- 


pactness. With the same object the tail is. 


omitted or, if used, itis retractable. The mo- 
tors 2, 2-in this case turbines of the kind de- 
scribed in my patent before referred to, and 
other -` parts of the motive apparatus are 
placed with due regard to the centers of grav- 
ity and pressure and the usual controlling 


100 
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means are provided. In addition to these : 


‘any of the known stabilizing devices may be 
embodied in the machine. At rest the planes 
are vertical, or nearly so, and-likewise the 
shaft: driving the propeller 3, which is con- 
structed of a strength, size and pitch that 


~ 


15 


will enable it to raise the entire weight with 


the motors running at an even greater rate 
than when propelling the-machine hori- 


- zontally. Power is transmitted to the shaft 


from the turbines through suitable gears, 
Тһе seats 4, 4, 4. for 
and passengers are suspetided. on trunnions 
5, 5 on. which they can turn through 
an angle of about 90°, springs and cush- 
ions (not shown) being employed to in- 
sure and limit their motion through íhis 
angle. The usual devices for lateral and di- 
rectional control, 6, 6 7, 7 and 8; 8 are pro- 


20- 


ы 


the operator - | 


t> 
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-vided with mechanical connections enabling 


@ 


the operator to aetuate the deviees by hand 
or foot from his seat in any.position. -At the 


start, suflicient power being. turned on by. 
suitable means, also within his reach, the. 


' machine rises.vertically in the air to the 


1 


^| o 


desired height when it is gradually tilted 
by manipulating the elevator devices and 
proceeds like ап aeroplane, the load being 
transferred from. the propeller to the foils 
as the angle of inclination diminishes and 


_ “the speed in horizontal direction increases. 
"From. the foregoing it will be. understood 


So 


‚1 


that, simultaneously with the tilting of the 


machine, the. operator: will‘ increase’ the 
thrust of the propeller in order to compense 


> for the reduction of sustaining force which 


2 


Ф 


25 


-follows inevitably from the diminution of 


angle. « and before the reaction of the 
planes ean come into full effect. He will 
thus prevent a downward plünge.and the 
production of dangerous. oscillations which 
have been dwelt upon above, and by suitable 
manipulation of the apparatus and gradual 
cutting. down of the power developed by 
the prime mover, as forward velocity is gained 


‘and the’ planes take up the load, he may 
' cause- the- machine to advance horizontally. 


3 


.. speed 
| again, - 
. peller supporting all the load. .Obviously, 


35 


` thereby the thrust to the required magnitude. 
' and in all such operations of starting and 
loading as well as tilting’ for regula 


40 


` purposes. 
the -propeller thrust in about the same meas- . 

üre as the varying reaction of the planes. 
„лаву „етапа за order that the lifting force 
be sensibly constant. Evidently also, when-- 


45 


°: 


along a sensibly straight line, a: condition 


essential to the attainment of the best prac-- 


tical results. In descending, the forward 
is reduced and the machine righted 
acting as a helicopter with the pro- 


as the device’is slowed down and righted 
causing the planes to lose part or all of their 


.sustaining efforts, the- operator will apply- 


more power to the propeller increasing 


regulating the 
height, meeting the air conditions or for other 


ever necessary or. desirable, power far. in 


- excess of that normally required may be 
‘applied during the flight and’ the ‘machine 
_ propelled at a greatly increased speed 


. The 
type of turbine used is-a motor of great 


— "Mehtness ánd activity and lends itself excep- 


tionally to, this kind of work for which or-. 
dinary aviation motors are unsuited. It-is 
capable of carry. a. great overload: and 
running without danger. at excedsive. speed 
so that during the starting and landing oper- 
ations the necessary power can be developed 


9? by the motors even though less efficiently - 


- thai under their normal working conditions. 


. Special means/of control may- 
. if necessary, for increasing th 
3n. these ;0 


: provided, 
the power supply. 
extreme 


perations. Owing to its 


9. simplicit the motive apparatus is very reli- : 


it will:be his object to modify po | : on- 
tally along a straight line under the prevail- . 


^ 1,055,113 


able in operation, but should the power give 


out accidentally, landing can still be easily 
effected by volplining. For this purpose, 
in addition to wheels 9, 9 and 10, 10 wheels 
11; 11 are employed, the latter being mount- 
ed on the forward end: under the lower-plane 


70 . 


and,so that when the machine rests on level ^ 


ground the -propeller shaft will have the 
desired. inclination which is deemed best 
for rising in the manner.of an aeroplane. 
Such an aeroplane constructed and operated 
as described, unites the advantages of both 
iypes and'seems to meet best the require- . 


ments. of a. small, compact, exceedingly | 
.speedy and yet very safe machine, for com- 


mercial use. Especially good practical re- - 


sults are obtainable by the use-of my turbine 
which can be depended upon to develop the 
necessary energy for lifting, even if it should 
be considerably greater than that consumed. 


“in flight under normal -conditions., This end, 


can be conveniently attained by temporarily 


supplying more of the working fluid to the 
rotor and driving it faster, or running it at 
. about the same speed. and 1ereasing the ef- * 


fort by adjustment of the pitch of the pro- 


peller, or other means known in the art. _ 


"The latter should be designed to-work. most 
economically during the flight, as its effi- 
eienéy in the starting and landing operations 


-is of relatively small importance. Instead 
of a single large screw as described a number" 


of smaller ones may. be used, in which case 
gearing.can be dispensed with. The biplane 
seems to be best suitéd for the chief purpose 


contemplated but the invention is:applicable 
io monoplanes and other U 


То өшіп up, tlie helicopter type of flying 
machine, especially with large inclination 


‘angle of the propeller axis to the horizontal, 


at which it is generally expected to operate, 
is quite unsuitable for speedy 
rt; it is incapable of proceeding horizon- 


ing air conditions; it is subject to. dangerous 
plunges 


aerial trans- ` 


and oscillations and, what is most: 


100 


important from the commercial and practi- 


cal point of. view, it is almost certainly 


-doomed. to destruction in case the motive 
power gives out. "These drawbacks and de- - 
“fects are-overcome by the methods and ap- 
paratus I have described through which a 


novel type of flying machine may be realized 
possessing all the advantages of the helicop- 
ter being at the same time safe and capab 

of a speed equal to or even greatly exceeding 
that-of.the present aeroplane. - Я 


‘To my knowledge various forms of aero- 


‘planes have been proposed with the object 
of attaining similar results but a careful | 


study shows that попе of them is capable - 


of a 
want o 
as suitable 


apparatus. 


Slim herein Be apparitüs by 


the actions as those here contemplated for 7 
roper inethods of operation as well 


а 


1 


e 


1 


a 


e 
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means.of which this method is or may be 
carried out either in the special form illus- 
trated or in modifications of the same, as 
this is the subject of a separate application. 
. What I desire to secure by Letters Patent 
is: ` 

1. The hereinbefore described method of 
aeroplane transportation which consists .in 
developing by the propelling device,a yerti- 
eal thrust in excess of the normal,.causing 
thereby the machine to rise in an approxi- 
mately vertical direction, tilting it and si- 
multaneously increasing the power of the 
motor and thereby the propeller thrust, then 
gradually reducing the power and thrust as 
forward speed is gained and the planes take 
up the load, thus maintaining the lifting 
force sensibly constant during flight, tilting 


the machine back to its original position and. 


at the same time increasing the power of the 
motor and thrust of the propeller and effect- 
ing a landing under the restraining action 
of the same. f Z 

9. 'The method of operating a helicopter 
which consists in varying the.power of the 


. motor and thereby the thrust of the propel- 


5 


ler according to the changes of inclination 
of its axis, so as to maintain the lifting force 
sensibly constant during the forward flight. 

3. The above described method of trans- 
porting from place to place a heavier than 
air flying machine, which consists in apply- 
ing power to the propeller while its axis is 
in a vertical position sufficient to cause the 
machine to rise, tilting it and at the same 
time applying more power to increase the 
thrust, then gradually diminishing the pow- 
er as the load is transferred from the pro- 
peller to the planes, tilting back the machine 
and so controlling the applied power as to 
effect a slow descent upon the landing place 
under the restraining action of the propeller. 

4. In the transport of bodies by aeroplane, 
the method of controlling the propeller 
thrust end reaction of the planes by varying 
the power of the motor correspondingly 


with the inclination of the machine so as to: 


maintain the lifting force sensibly constant 
during the forward flight. 
In testimony whereof I hereto affix my 


signature. 
` NIKOLA. TESLA. 
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This application is a continuation in part 
of my application Serial No. 499,518, iled 
September 9, 1921, and is made pursuant 
to the rules of the Patent Office, its purpose 

5 being to describe and claim apparatus which 
I have invented for carrying into practice 
the method therein disclosed. | 


The invention consists of a new type of. 


flying machine, designated “helicopter- 

10 plane”, which may be raised and lowered 

vertically and driven horizontally by the 

same propelling devices and comprises: a 

prime mover of improved design and an 

airscrew, both especially adapted for the 
purpose, means for tilting the machine in 
the air, arrangements for controlling its 
. operation in any position, a novel landing 
gear and other constructive details, all of 
which will be hereinafter fully described. 

?0 The utility of the aeroplane as a means 
of transport is materially lessened and its 
commercial introduction greatly hampered 
owing to the inherent inability of the mech- 
anism to readily rise and alight, which is an 

25 unavoidable consequence of the fact that the 
required lifting furce can only be produced 
by a more or less rapid translatory move- 
ment of the planes or foils. This indis- 
pensable high velocity, imperilling life and 

30 property, makes it necessary to equip the 
machine with special appliances and provide 
suitable facilities at the terminals of the 
route, all of which entail numerous draw- 
backs and difficulties of a serious nature. 

33 More recently, professional attention has 
been turned to the helicopter which is devoid 
of planes as distinct organs of support and, 
presumably, enables both vertical and hori- 
zontal propulsion to be satisfactorily accom- 

40 plished through the instrumentality of the 

propelier alone. i 

The prospects of such a flying machine 
appear at first attractive, primarily because 
it makes possible the carrying of great 

5 weight with a relatively small expenditure 

of energy. This follows directly from the 
fundamental laws of fluid propulsion, laid 

_ down by W. Т. М. Rankine more than fifty 

Years ago, in conformity with which the 
thrust is equal to. the integral’sum of the 
products of the masses and velocities of the 


k 
a 


қ» 
© 


a 
= 


projected air particles; . symbolically ex- 
pressed, : 


|T-Z(m». 
On the other hand, the kinetic energy of 
the air set in motion is 


im? 
E-A^3-) 


From these equations it is evident that a 
great thrust can be obtained with a com- 
paratively small amount of power simply by 
increasing*the aggfegàte mass of the parti- 
cles and reducing their velocities. But the 
seemingly great gain thus secured is of small 
value in aviation for the reason that a high 
speed of travel is generally an essential re- 
quirement which cannot be fulfilled except 
by propelling the air at high velocity, and 
that obviously. implies a relatively small 
thrust. ` о 

Another quality commonly attributed to 
the helicopter is great stability, this being 
apparently a logical inference judging from 


‘the location of the centers of gravity and 


pressure. It will be found, though, that 
contrary to this prevailing opinion the de- 
vice, while moving in any direction other 


than up or down, has an equilibrium easily 


disturbed and has, moreover, a pronounced 
tendency to oscillate. 

In explanation of these and other pecu- 
Harities, assume the helicopter poised in still 
air at a certain height, the axial thrust T 
just equalling the weight, and let the axis of 
the propeller be inclined to form an angle 
a with the horizontal. The change to the 
new position will have a two-fold effect: 
the vertical thrust will. be diminished to 

T.—T sina 
and at the same time there will be produced 
a horizontal thrust 

Ti=T cosa 
Under the action of the unbalanced force 
of gravity, the machine will now fall along 
a curve to a level below and if the inclination 
of the propeller as well as its speed of ro- 


tation remain unaltered during the descent, 


the forces T, T, and T, will continuously 
increase in proportion to the density of the 
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air until the vertical component T, of the 


axial thrust 'T becomes equal to the gravi- 
tational attraction. The extent of the drop 
will be governed -by the inclination of the 
propeller axis and for a given angle it will 


be, theoretically, the same no matter at what - 


altitude the events take place. To get an 
idea of its magnitude suppose the elevations 
of the upper and lower strata measured 
from sea level be h, and h,, respectively, d, 
and g, the corresponding air densities and 


11==26.700 feet the height of the "uniform. 
atmosphere," then as а consequence of, 


Boyle: Law the relation will exist 
d 
h,—h,—-H log, d. 


It is obvious that, 
T.T 114 
T, Tsin@ sina 
in order that the vertical component of the 


axial ‘thrust in the lower stratum should 
just support the weight. Hence 


H,—hh,= H log, NN : 


вт а 





must be equal to 


in a special case, the angle a= 60 
then 


1 1. 


sn« 0.868 1.1547, and 


2, A,-96,/00x1og, 11547--8,840 feet. 


In reality the drop will be much greater 
for the machine, upon reaching the lower 
layer with a high velocity relative to the 


Taking, 
degrees, 


ст 


. medium, will be urged further down along 


the. curved path and the kinetic energy, in 
the vertical sense, possessed by the moving 
mass must be annihilated before the fall is 
arrested in a still denser air stratum. At 
this point the upward thrust will be iar in 
excess of the opposed pull of the weight 
and the apparatus will rise with first increas- 


` ing and then diminishing speed to a height 
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which may approximate the original. From 
there it will again fall and so on, these 
operations being repeated during the for- 
ward flight, the up and down excursions 
from the main horizontal line gradually 
diminishing in magnitude. After a lapse 
of time, determined by numerous influences, 
these deviations should become insignificant 
and the path described nearly re 
But this is next to impossible as can be 
readily shown.by pointing out another cu- 
rious feature of the helicopter. 

In the foregoing the axis of the propeller 
was supposed to move always parallel to 
itself, which result might be accomplished 
by the use of an adjustable aileron. In 
this connection it may be pointed out, how- 
ever, that such a device will not act in the 
manner of a rudder, coming into full play 


energy, 


rectilinear. ~ 
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at intervals only and performing its func- 
tions economically, but will steadily absorb 
this occasioning a considerable waste 
of motive power and adding another to the 
many disadvantages of the helicopter. 

Let now the machine be possessed of a 
certain degree of freedom, as will be the 
case normally, and observe in the first place 
that the blades of the propeller themselves 
constitute planes developing a reaction 
thrust, the. pressure on the lower leading 
blade being greater than that exerted on the 
higher one owing to the compression of the 
air by the body of the machine and in- 
creased density in that region. This thrust 
tending to diminish the angle «, will vary 
during one revolution, being maximum in 
a position when the line of symmetry of the 


-y 
e 


two propeller blades and that of flight are 


in the same vertical plane and minimum 
when the former is at right angles to it. 
Nevertheless, if the horizontal speed is great, 
it may be considerable and sufficient to quick- 
ly overcome the inertia and gyroscopic re- 
sistances all the more readily as the upper 
blade operates to the same effect. Moreover, 
this intermittent action partakes of the re- 
generative quality, the force increasing as 
the angle diminishes up to a maximum for 
a=45 degrees, and may also give rise to 
disturbing resonant vibrations in the struc- 
ture. As its axis is tilted more and more, 
the vertical sustaining effort of the propel- 
ler correspondingly diminishes and the ma- 
chine will fall with a rapidly increasing 100 
velocity, which may finally exceed the hori- 
zontal, when the reaction of the blades is 
directed upward so as to increase the angle 

« and thereby cause the machine to soar 
higher. Thus periodic oscillations, accom- 105 
panied by ascents and descents, will be set 

up which may well be magnified to an ex- 
tent such as to bring about a complete over- 
turn and plunge to earth. 

It is held by some experts that the heli- jio 
copter, because of its smaller body resistance, 
would be capable of a higher speed than the 
aeroplane. This is an erroneous conclusion, 
contrary to the laws of propulsion. It must 
be borne in mind that in the former type, 115 
the motive power being the same, a greater 
mass of air must be set in motion with a 
velocity smaller than in the latter, conse- 
quently it must be inferior in speed. But 
even if the air were propelled in the direc- izo 
tion of the axis of the screw with the same 
speed V in both of them, while the aeroplane 
approximates the same, the helicopter can 
never exceed the horizontal component V 
cos a which, under the theoretically most 125 
economical conditions of operation, would 
only be 0.7V, and this would be true no mat- 
ter how much its resistance is reduced. 

Another very serious defect of this kind 
of flying machine, from the practical point 130 
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of view, is found in its inability of support- 
ing itself in the air in case of failure of the 
motor, the projected area of the propeller 
blades being inadequate for reducing the 
speed of the fall sufficiently to avoid dis- 


aster, and this is an almost fatal impediment - 


to its commercial use. е 

From the preceding facts, which are ig- 
nored in the technical publieations on the 
subject, it will be clear that the successful 
solution of the problem is in a different di- 
rection, | 

In an application of even date, referred to 
above, I have disclosed an invention which 
meets the present necessity in a simple man- 
ner and, briefly stated, consists in a novel 


- method of transporting bodies through the 


air according to which the machine is raised 


` and lowered solely by the propeller and sus- 
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tained in lateral flight by planes. 

My present application is based on new 
and useful features and combinations of ap- 
paratus which I have devised for carrying 
this method into practice. 

Full knowledge of these improvements 
will. be readily gained by reference to the 
accompanying drawings in which 
, Fig. 1 illustrates the machine in the start- 
ing or landing position and | 

Fig. 2 in horizontal flight; | 

Fig. 3 is a plan view of the same with the 
upper plane partly broken away and ` 

Fig. 4 and Fig. 5 sectional views of con- 
structive details. 

The structure is composed of two planes or 
foils 1, 1 rigidly joined. Their length and 
distance apart may be such as to form a 


‘near-square for the sake of smallness and 
compactness. With the same object the tail | 


is omitted or, if used, it is retractable. In 
order to raise the machine vertically a very 
light and powerful prime mover is necessary. 
and as particularly suited for the purpose, 
I employ, preferably, a turbine described 
in my U. S. Patent 1,061,206 of May 6, 
1913, which not only fulfills these require- 
ments but lends itself especially to opera- 
tion at very high temperatures. Two such 
turbines, designated 2, 2 together with other 
parts and accessories of the power plant, are 
bolted to the frame, being ple ed with due 
regard to the centers of gravity and pressure. 
The usual controlling means are provided 


.and, in addition to these, any of the known 


stabilizing devices may be embodied in the 
machine. At rest the planes are vertical, or 
nearly so, and likewise the shaft driving the 
propeller 8, which is of a strength, size and 


pitch such as will enable it to lift the entire. 


weight vertically and withstand safely the 
Power is transmitted to the shaft 
from the turbines through gearing which’ 


‘may be of the single reduction type as illus- 


trated, the turbines rotating in the same 
direction ar 1 neutralizing the gyroscopic 


‘pitch of the propeller. 


moment.of the screw. If, instead of one, 


two. propellers are used, either coaxially or ` 


otherwise disposed, the motors should re- 
volve in opposite directions. "The seats 4, 4, 
4 for the operator and passengers are sus- 
pended on trunnions 5, 5 on which they can 
turn through an angle of about 90 degrees, 
springs and cushions (not shown) being em- 
ployed to insure and: limit their motion 
through this angle. The ordinary devices 
for lateral and directional control 6, 6, 7, 7 
and 8, 8 are provided with mechanical con- 
nections enabling the aviator to actuate them 
by hand or foot from his seat in any posi- 
tion. 

Stated in a few words, the operation is as 
follows: At the start, sufficient power is 
turned on by suitable means, also within 
reach, and the machine rises vertically in 
the air to the desired height when it is grad- 
ually tilted through manipulation of the ele- 
vator devices and then prodeeds more and 
more like an aeroplane, the sustaining force 
of the propeller being replaced by vertical 
reaction of the foils as the angle of incli- 


nation diminishes and horizontal velocity in- . 


creases. In descending, the forward speed 
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is reduced and the machine righted again, ` 


acting as a helicopter with the propeller 
supporting all the load. The turbine used 
is of great lightness and activity exception- 


ally qualified to perform such work for - 
which the present aviation motors are un- . 


suited. It is capable of carrying an extra- 
ordinarily great overload and running at 
excessive speed, and during the starting, 


‘landing and other relatively short opera- 
-tions, not only can the necessary power be 


easily developed, but this can be accom- 
plished without incurring a serious loss of 
efficiency. Owing to its extreme simplicity 
the motive apparatus is very reliable, but 
should the power give out accidentally, land- 
ing can still be effected by volplaning. For 
this purpose, in addition to wheels 9, 9 and 
10, 10, wheels 11, 11 are employed, the latter 
being mounted on’ the forward end under 
the lower plane and so that when the ma- 
chine rests on level ground, the propeller 


shaft will have: the desired inclination which. 


is deemed best for rising in the manner of an - 


aeroplane. Such a “helicopter-plane,” con- 
structed and operated as described, unites 
the advantages of both types and seems to 
meet well the requirements of a small, com- 


120 


pact, very speedy and safe craft for commer- 


cial use. | 

The abnormal power requirements are 
met by supplying more of the working fluid 
to the motors and driving them faster, or 
running them at about the same speed and 
increasing the thrust by adjustment of the 
On account of sim- 
plicity and much greater range it is pref- 


erable to resort to the first method, in which | 


а 


case the screw should be designed to work 
most economically in horizontal flight, as 
its efficiency in the starting and landing op- 


' erations is of. comparatively. ` small im- 


a 


portance. Instead of a single- large.. pro- 


peller, as described, a number of small ones 


can be used, when the turbine units may be 
connected advantageously in stages and 


Ње gearing dispensed with. The biplane 
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seems to be particularly well suited for the 
chief purpose contemplated, but the inven- 
tion is equally well applicable to monoplanes 
and other. types. 

In order to secure the best results I have 
found it indispensable to depart, in some 
respects, from the usual design of my tur- 
bines and embody in them certain construc- 
tive features and means for varying the 
power developed from the minimum neces- 
sary in horizontal flight to an amount ex- 
ceeding by far their rated performance, as 
may be required in the operations of ascent. 


and descent, or spurts of speed, or in com- 


batting the fury of thé elements. Further- 


more, I so proportion and coordinate the 


fluid pressure generator supplying the pri- 
mary energy, the propelling and the con- 
trolling means, that for any. attitude or 


‘working condition of the machine *the re- 
30 


quisite thrust: may be: almost instantly pro- 
duced and accurately adjusted. 

The understanding of these improvements 
will be facilitated by reference to Fig. 4.and 
Fig. 5.2 In the: first named the turbines 
are intended to operate as rotary engines, 
expanding the gases in the rotor as well 
as the inlet nozzle-or port 12, the depth of 
which can be varied by shifting a block 13, 
fitting freely in a milled channel -of the cas- 
ing, through the medium of lever 14 con- 
trolled by the aviator. ,The orifice for the 
passage of the elastic fluid is straight or 
slightly converging, so that a much smaller 
velocity is obtained than with an expanding 
nozzle, this enabling the best relation be- 
tween the peripheral speed of the rotor and 
that of the fluid to be readily attained. The 
performance of such an engine at constant. 
pressure of supply is, within wide limits, 
proportionate to the quantity of the work- 
ing medium passed through the inlet port 
and it is practicable to carry, for indefinite 
intervals of time, an exceedingly great over- 
load, by which I mean up to three or even 
four ‘times the normal. Exceptional 
strength and ruggedness of the motors being 
imperative in view of centrifugal stresses 
and critical speed, their weight need not be 
appreciably increased as would be the case 
in other forms of prime movers in which, 
as a ruie, the weight is in nearly direct pro- 
portion to the power developed. 'To accom- 


' plish my purpose I further provide com- 


65 


mensurately larger inlet and outlet open- 
ings. No serious disadvantage is thereby 


:trolling lever 14. 
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ineurred because windage and other losses 
are virtually absent and most of the rotary 


effort is due to the peripheral parts of the. 


discs.. As shown. in-the figure, block 13 is 
in the position corresponding to minimum 
effort, the section of the inlet channel being 
about one-fifth of the whole which is ob- 


tained when the block is pulléd in its ex- | 


treme position indicated by the dotted line. 
Owing to the increase of the coefficient of 
contraction. and eoünterpressure attendant 
the enlargement of the inlet, the same should 
be made of ample section. | f М 
Figure 5 shows a different means for at- 
taining the same purpose. In this case the 
motors operate like true’ turbines, the work- 


-ing fluid being fully expanded, or nearly so, 


through divergent exchangeable nozzles as 
15, having a throat of sufficient section for 


the passage of fluid required during maxi- 


inum performance. The exhaust opening is 


‘also correspondingly enlarged, though not 


necessarily to the extent indicated in Figure 
4, The power is varied by means of a 
throttle valve 16, as used in automobiles, 
located in the conduit supplying the air and 
carbureted fuel to the fluid pressure genera- 
tor and mechanically connected to the con- 
This apparatus is of a 
capacity adequate to the maximum demand 
by which I do not mean that it is necessarily 
much larger than required for normal per- 


formances, but is. merely designed to sup- ` 


ply the working fluid or, broadly stated, 
energy—whenever desired, at a rate greatly 
exceeding the normal. In Figure 3 this ap- 
paratus is. diagrammatically indicated by 
17, and may be any one of a number of 
well-known types, producing pressure by 
internal combustion of a suitable fuel or by 
external firing of a steam boiler. In the 
latter. case, with constant pressure, the ar- 
rangement shown in Figure 4 is best to em- 
ploy, while the plan illustrated in Figure 
5 can be used to advantage/when both pres- 


sure and quantity of fluid are-varied. 


- In operation for vertical ascent, the ma- 
chine being in the attitude of Figure 1, the 
aviator will push forward lever 14 and sup- 
ply sufficient primary energy to the motors 


for lifting the machine with the desired- 


velocity. When the objective elevation is 
reached rudders 7, 7 are manipulated to in- 
cline the machine at a certain angle, the 
aviator simultaneously applying more pres- 
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sure to the lever and augmenting the fluid `- 


supply to the motors, thereby increasing the 


propeller thrust in the vertical direction so 


as to prevent the machine from descending. 
He continues these operations always coor- 


125 


dinating the thrust developed with the . 


changes in attitude of the machine until a 
certain angle of inclination is attained and 
the machine is supported chiefly by reaction 
of the planes. At this stage he begins to re- 


130 
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duce the pressure on the lever and supply 
of working fluid simultaneous] decreasing 
the. angle of inclination thus finally effect- 
ing, by insensible steps, horizontal flight. | 

It should be understood that descent and 
alighting, as well as rising in the manner 
-of a true aeroplane may be accomplished as 
usual. - In such case the motors will be oper- 
ated at their normal rated capacity. How- 
10 ever, when excessive speed becomes neces- 
sary, the effort of the motors may be instant- 
ly and greatly augmented by merely 
manipulating block 18 or valve 16 as de- 
scribed. 

Whenever it is desired to descend ver- 
tically, the aviator will reverse the oper- 
ations as applying to substantial vertical 
ascent, which is to say, bring the machine 
gradually into starting attitude, at the same 
- 20 time increasing the su ply of fluid to the 

motors and the vertical component of the 

propeller thrust, while reducing the hori- 
zontal. Finally, he will steadily reduce the 
fluid supply and the vertical thrust so as to 
5 descend to the landing place at a, very low, 
safe velocity. | 

In the preceding I have described a flying 
machine characterized by a number of novel 
constructive and operative features and 
well suited for meeting a pressing necessity 
. in the present state of thé art. The chief 

'. improvements consist in first, adapting my 
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turbine motor for éxcessive overload with- 


out appreciable increase of its weight, sec- 

з опа, providing large variable inlet ports 
and corresponding ‘exhaust openings, with 
. the object of meéting the abnormal power 
requirements in the starting, landing and 
othes short operations, and still preserving a 
high efficiency in horizontal flight; third, 
combining with the turbine a fluid pressure 
generator of adequate capacity with means 
for control and, fourth, embodying these 
and other features in a suitablé structure 
improved in various details. These may 
be greatly varied and I wish it to be under- 
stood that I do not limit myself to the pre- 
cise arrangements illustrated and described. 

I claim as my invention: 

1. In an aeroplane adapted for vertical 
and horizontal propulsion and change from 
one to the other attitude, the combination 
of means for tilting the machine in the air, 
a fluid pressure generator of a capacity sev- 
eral times greater than normally required 

in horizontal flight, a motor capable of car- 
' Tying overloads adequate for support in all 


50 
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attitudes, and means for controlling the sup- 
ply of the fluid.to the motor in accordance 
with the inclination of the machine. . 

2. In an aeroplane adapted for Vertical 
and horizontal propulsion and change from 
one to the other attitude, the combination 
with means for tilting the machine in the 
air and a system producing thrust approxi- 
mately parallel to the principal axis of the 
same and. including a fluid pressure gener- 

. ator having a capacity several times greater 
than normally required in horizontal flight, 
"а motor capable of carrying over-loads 
adequate for support in all attitudes, and 
means for, controlling the supply of the 
fluid to the motor in accordance with the 
inclination of the machine. 

3. In an aeroplane adapted for vertical 
and horizontal propulsion and change from 
one to the other attitude, the combination of 
means for tilting the machine in the air, a 
fluid pressure generator capable of supply- 
ing fluid at a rate several times greater than 
required for horizontal flight, a prime mover 
consisting .of u rotor of plane spaced discs 
with central openings and an enclosing cas- 
ing with inlet and outlet orifices of a section 
much greater than required for normal per- 
formances respectively at the periphery and 
center of the same, and means for control- 
ling the supply of the fluid to the motor in 
accordance with the inclination of the ma- 
chine. - | | 

4. In an aeroplane adapted for vertical 
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and horizontal propulsion and change from : 


one to the other attitude, the combination 
of means for tilting the machine in the air, 
a thrust producing system having its prin- 
cipal energy producing elements designed 
for normal load in horizontal flight but 
capable of carrying over-loads adequate for 
support of the aeroplane in all attitudes, 
and means for controlling the energy pro- 
duced in said system in accordance with the 
inclination of the machine. 

5. In a flying machine of the kind de- 
scribed in combination with means for ver- 
tical and lateral control of two wheel bases 
at right angles to one another as set forth. 

6. In a flying machine of the kind de- 
scribed in combination with means for ver- 
tical and lateral control of two wheel bases 
at right angles to one another and having 
one or more wheels common to both. 

In. testimony whereof I hereunto affix my 
signature. 

| NIKOLA. TESLA. 


95 


110 





Certificate of Correction. 


Patent No. 1,655,114. Granted January 3, 1928. ta 
NIKOLA TESLA. 

It is hereby certified that error appears in the printed specification of the above 
numbered patent requiring correction as follows: Page 1, after line 57, strike ont 
the formula and insert instead 

Бег (уто); 


and that the said Letters Patent should be read with this correction therein. that 
the same may conform to the record of the case in the Patent Office. 
Signed and sealed this 20th day of March, A. D. 1928. 
[SEAL ] M. J. MOORE, 
Acting Commissioner of Patents. 


Reissued Oct. 23, 1900. 


"Мо. 11,865. | 


| N. TESLA. 
METHOD OF INSULATING ELECTRIC CONDUCTORS. 


~ (Application filed Sept. 21, 1900.) 


N fee ae I ae OLED EOE MOOT TPT iui EE А) 


MIN 


4 a . E NATA 








22 2 E А EEE: 2а 2 à 
АА RRO A UU Са d 


22 


eee Bed 








Ü 






































10 


15 


20 


25 


39 


35 


40 


UNITED States PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF INSULATING ELECTRIC CONDUCTORS. 


SPECIFICATION forming part of Reissued Letters Patent No. 11,865 dated October 23, 1900. 
Original No, 655,838, dated August 14, 1900. Application for reisaue filed Beptembet 21, 1900. Serial No. 30,722, 


To ali whom it may concern: 

Beitknown that I, NIKOLA TESLA, acitizen 
of the United States, residing in the borougao 
of Manhattan, in the city, county, and State 
of New York, haveinvented certain new and 
useful Improvements in Methods of Insulat- 
ing Electric Conductors, of which the follow- 
ing is a specification, reference being had to 
the accompanying drawings. ` 

It has long been known that'many sub- 
stances which are more or less conducting 
when in the fluid condition become insula- 
tars when. solidified. Thus water, which is 
in a measure conducting, acquires insulating 
properties when converted intoice. The ex- 
isting information on this subject, however, 
has been heretofore of a general nature only 
and chiefly derived from the original observa- 
tions of Faraday, who estimated that the sub- 
stances upon which he experimented, such 
as water and aqueous solutions, insulate an 
electrically-charged conductor about one hun- 
dred times better when rendered solid by 
freezing, and no attempt has been made to 
improve the quality of the insulation obtained 
by this means or to practically utilize it for 
such purposes as are contemplated in my pres- 
ent invention. In the.course of my own in- 
vestigations, more especially those of the elec- 
trie properties of ice, I have discovered some 
novel and important facts, of which the more 
prominent are the following: first, that under 
certain conditions, when the leakage of the 
electric charge ordinarily taking place is rig- 
orous'y prevented, ice proves itself to be a 
much better insulator than has heretofore ap- 
peared; second, thatits insulating properties 


.may be still further improved by the addi- 


tion of other bodies. to the water; third, that 
the dielectric strength of ice or other frozen. 


- aqueous substance increases with the reduc- 
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tion- of temperature and corresponding in- 
crease of hardness, and, fourth,. that. these 
bodies afford a still more effective insulation 
for conductors carrying intermittent or alter- 


nating currents, particularly of high rates, 


surprisingly-thin layers of ice being capable 
of withstanding electromotive forces of many 
hundreds and even thousandsof volts, These 
and other observations have led me to the in- 
vention of a novel method of insulating con- 


| above facets and advantageous in the utiliza: 


tion of electrical energy for industrial and 
cominercial purposes. 
This method consists in insulating an elec- 
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tric conductor by freezing or solidifving and · 


maintaining in such state the material sur- 
rounding or contignous to the conductor, 
using for the purpose a gaseous cooling agent 
circulating through one or more suitable chan- 
nels extending through or iu proximity to the 
said material. | 

Iu the practical carrying out of my method 
I may employ a hollow conductor and pass 
the cooling agent throngh the same, thus 
freezing the water or other medium in con- 
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tact with or closs to sùch conductor, or [ may ` 


uge expressly for the circulation of the cool- 
ing agent an independent channel and freeze 
or solidify the adjacent substance in which 
any number of conductors may be embedded. 
The conductors may be bare or covered with 
some material which is capable of keeping 


‘them insulated when it is frozen or solidified. 


The frozen mass may be in direct touch with 
the surrounding medium, orit may bein a de- 
gree protected from contact with the same by 
an inclosure more or less impervious to heat. 
The cooling agent may be any kind of gas, as 
atmospheric air, oxygen, carbonic acid, am- 
monia, illuminating-gas, or hydrogen. It may 
be forced through the channel by pressure or 
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suction produced imechanieally or otherwise. -` 


It tnay be continually renewed or indefinitely 


85 


used, being driven back and forth.or steadily - 


circulated in closed paths under any suitable 
conditions as regards pressure, density ptem- 
perature, and velocity. . . 
To conduce to a better understanding of 
the invention, referenee is now made to th 
accompauying drawings, in which— 
Figures 1, 3, 6, 7, 8, and 9 illustrate in lon- 
gitudinal section typical ways of carrying out 
my invention; and Figs. 2, 4, ^, and 10, in 
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section, or partly so, constructive details to be 


described. | 
In Fig. 1, C is a hollow conductor, such as 


a steel tube, laid in. a body of water snd com- 


municating with a reservoir r’, but electric- 
ally insulated: from the same atj. A pump 
or compressor p, of avy suitable construction, 
connects 7 with anotlier similar tank r°, pro- 


. Quctors, rendered praetienble by reason ofthe | vided withaninlet-valyev* The air or other 


Too 
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gas which is used as the cooling agent enter- 
ing through the valvo-v? is drawn through the 
tank rand pump p into the reservoir t’, escap- 
. ing thence through the'condactor. C- under 
“sg any desired pressure which. may be regulated 
by a valve v’. Both the reservoirs r' and 7? 
are kept at a low temperature by suitable 
"means, as by coils or tubes 7?" and P P, 
through which any kind of refrigerating fluid 
may be circulated, some provision being pref- 
erably made^for adjusting the flow. of the 
same, as by valves v’. Tho gas continuously 
passing through the tube or conduetor C be- 
ing very cold will freeze and maintain in this 
15 state the water in contact with or adjacent to 
the conductor and. so insulate it. Flanged 
_ bushings?’ 7, of non-conducting material, may 
be used to prevent.the leakage of the current 
which would otherwise occur, owing to the 
formation of a superficial film of moisture 
over the ice projecting out of the water. `The 
tube being kept insulated by this means may 
then be employed in'the-manner of an ordi- 
mary telegraphic or.egtlier cable by connect- 
25 ing either or both of the terminals b' b* iu a 
eireuüit including the earth... - | 
- 1n many cases it will: be of advantage to 
cover the bollow conductor with a thick layer 
. o9 fsomé cheap material, as felt, this being in- 
16. dicated by C* in Fig:.2. Such. a covering, 
*<penetrable by water, would: be ordinarily. of 
little or. no use; but when embedded. in the 
; jce it. improves the insulating qualities of the 
- mamie. In this instance it furthermore serves 
ig: to. greatly reduce the quantity of ice required, 
ite rate, of, melting, and the influx of heat 
from the outside, thus diminishing the ex- 
i penditure of energy necessary for the main- 
 -tenance of normal working conditions. Аз 
;49 regards this energy and other.particulars of 
<: importance they wili vary according to the 
.i "special demands in each ease. 
^ Generally considered, the cooling agent will 
have to carry away heat at arate sufficient 
45 to keep the conductor at the desired tempera- 
(ture and to maintain a layer of the required 
« thickness of the substance surrounding it in 
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a frozen state, compensating continually for | 


the heat towing in through the layer and wall 
so of the conductor and ‘that generated: by me- 
2: Chaniecal and electrical friction. To meet 
^5 These conditions, its eooling capacity, which 


“із dependent on the temperature, density, 


~ velocity, and specific heat, will be calculated 
55 by the help of data and formule familiar to 
- engineers. 

, for the use contemplated; but in exceptional 
„instances some other gas, as hydrogen, may 
„ће ‘resorted to, which will permit a mach 
6o greater rate of cooling and a lower tempera- 
tare to be reached. Obviously whichever 
“gas be employed it should before entering the 
 ;hollow conductor or channel be thoroughly 
. dried aud separated from.all which by con- 
. 65 densation and deposition or otherwise might 
`: cause ап obstruction to its 


Air will bé, as а тие, suitable | plan. 


| 5 i passage. For 
. these purposes apparatus may be employed. 


which is well known and which it is unnee- 
essary to show in detail. = | ` 
Instead of being wasted at the distant sta- 7o 
tion the cooling agent may be turned to some 
profitable use. Evidently in the industrial 
and commercial exploitation of my invention 
any kind of cooling agent capable of meeting 
the reqttirements may be conveyed from one 75 
to another station and there utilized for re- 
frigeration, power, heating, lighting, sanita- 
tion, chemical processes, or any other pur- 


-pose to which it may lend itself, and thus the 


revenue of the plant may be increased. 

.. As to the temperature of the conductor, it 
will be determined by the nature of its use 
and considerations of economy. Forinstance, 
if it be employed for the transmission of tele- 
graphic messages, when the loss in electrical 85 
friction may be of no consequence, a very low 
temperature may not be requiréd; but if it 
be used for transmitting large amounts of 
electrical energy, when the frictional waste 
may be a serious drawback, it will be desir- go 
able to keep it extremely cold. The attain- 
ment of this object will be facilitated by any 
provision for reducing as much as possible 
the flowing in of the heat from thesurround 

ing medium. Clearly the lower the tempera- 95 
ture of the conductor the smaller will be the 
loss in electrical friction; but, on the other 
hand, the colder ‘the conductor the zreater 
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will be the influx of heat from the outside 
-and the cost of cooling agent. 


From. such too 
and similar considerations the temperature 
securing the highest economy will be ascer- 
tained.  — ` 
Most frequently in the distribution of elec- 


tricity for industrial purposes, as in my sys- 10g 


tem of power transmission by alternate cur- 
rents, more than one conductor will be re- 
quired, and in such cases it may be conven- 


„ient to circulate the cooling agentin a closed 


path formed by the conductors A plan of 110 
this kind is illuatrated in Fig. 3, in which C' 
and C* represent two hollow conductors em- 
bedded in a frozen mass underground and 
communicating, respectively; with the reser- 
voirs R' and R?, which are conuected by a re- 115 
eiprocating or other suitable pump P. — Cool- 

ing coils or tubes T" T' and T? T*, with regu- 
lating-valves vv? are employed, which are- 
similar to and serve the same purpose as 
those shown in Fig. 1. Other features of ra« 
similarity, though unnecessary, are.illus- .. 
trated to facilitate an understanding of the 

A three-way valve V? is provided, 
which when placed with its lever 1 as indi- .- 
cated allows the cooling agent to enter 12 
through the tubes u’ u? and pump P, thus 
filling the reservoirs R' R* and hollow con- . 
ductors C' C*; but when turned ninety de- 
grees the valve shuts off the communication 


to the outside through the tube x' and estab- 13c 
'lishes a connection between the reservoir R? 


and pump P through the tubes wand u’, thus 
permitting the cooling agent te be circulated 
in the closed path C' C! R* u* u* P R' by tho 
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action of the pump. .. Another vaive V’, of 
suitable construction, may be used for regu- 
lating the flow of the cooling agent. The 
conductors C’ C? are insulated from the res- 
ervoirs R' R* and from each other at the 
joints J’ J? J’, and they are furthermore pro- 

tected at the places where they, enter and 
leave the ground by flanged bushings I’ F I? 
I’, of insulating material, which extend into 
the frozen mass in order to ‘prevent the cur- 
rentfrom leaking, asaboveexplained. Bind- 
ing-posts B’ B’ апа В? В?аге provided for con- 
necting the conductors to the circuit at each 
station. 

In laying the conductors, as C' Œ, what- 
ever be their number, a trench will gener- 
ally be dug and & trough, round or square, 
ав Т, of smaller dimensions than the trench, 
placed ‘in the same, the intervening space 
being packed with some material (designated 
by M M M) more or less impervious to heat, 
as sawdust, ashes, or the like. 
duetors will be put in- -position and tempo- 
rarily supported in any convenient manner, 


and, finally, the trough will be filled with 
"Water or other substance W, which will be: 


gradually frozen by cireulating the cooling 


‘agent in the closed path, as before described. 
Usually the trench will not be-level, but will 


follow the undulations of the ground, and 
this will make it necessary to subdivide the 
trough in sections or to. effect the freezing of 
thé substance filling it successively in parts. 
This being done and the condnetors thus 
insulated and fixed, a layer of the same or 


_ Similar material M M M will be placed. on 


the top and the whole covered with earth or. 
The trough may be of metal, as 


pavement. 


. sheet-iron, and in cases where the ground 


40 


is used as the return -circuit it may serve 
as & main, or it may be of any kind of ma- 
terial more or less insulating. Figs. 4 and 
5 illustrate in cross-section two such under- 


. ground troughs T” and TU, of sheet metal, 
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with their adiathermanous inclosures, (desig-. 


nated M' and M", respectively,) each trough 
eontaining a single central hollow conductor, 
as C' C". In the first ease the insulation үү 
is supposed бо бе ісе obtained by freezing 
water preferably freed of air in order to ex- 


` clude the formation of dangerous bubbles or 
. cavities, while in the second ‘cease the frozen 
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mass W” is some aqueous or other substance 
or mixture highly insulating when in this 
eondition. 

Itshould be stated that in many instances 
it may be practicable to dispense with a 
trough by resorting to simple expedients in 
the placing aud insulating of the conductors. 
In fact, for some purposes it may be sufficient | 
to simply cover the latter with a moist mass, 
as cement or other plastic material, which so 
long asit is képt ata very low temperature 
and frozen hard will afford adequate insula- 
tion. . 

Another typical way of earrying out my in- 
vention,.to which reference has already been 


Next the con- 


| like. 


made, is shown. in Fig. 6, which represents 
the cross-section of a trough, the same in 
other respects as those before shown, but 
containing instead of a hollow conductor any 
kind of pipe or conduit L. Thecooliug agent 
may be driven in any convenient manner 
through the pipe for.the purpose of freez- 
ing the water. or other substance filling the 
trough, thus insulating and fixing a number 
of conductorscóé е. Sucha plan may be par- 


ticularly suitable in cities for insulating and 


fixing telegraph and telephone wires or tlie 
In such cases an exceedingly-low tem- 
perature of the cooling agent may not be-re- 
quired, and the insulation will:be obtained 
at the expense of little power. The conduit 
L may, however, be used simultaneously for 
conveying and distributing any kind of gase- 
ous cooling agent for which there isa demand 


through the district. Obviously twosueh con- 
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duits may be provided and used in a similar . 


manner. as the conductors C C&. . 
It will often be desirable to place in. the 


ge 


same trough a great number of wires or con- ` 


ductors serving for a variety of- purposes. 
In such acase a plan may be adopted which is 


‘illustrated in Fig. 7, showing a trough simi- 


lar. to that in Fig. 6 with the conductors in 
cross-section. The cooling agent may be in 
this instance circulated, as in Fig. 3 or oth- 
erwise, through the fwo hollow conductors © 
and C‘, which if found advantageous may be 
covered with a layer of cheap material m_m, 
such as will improve their insulation, but not. 
prevent the freezing or solidification of the 
surroundingsubstance W. The tubular con- 
ductors C’ C*, preferably of iron, may then 
serve to convey heavy currents for supplyiug 
light and power, while the small ones c' c с, 
embedded: in the ice or frozen mass, may be 
used.for any other purposes. 

While ny invention contemplates, chiefly, 
the insulation of conductors employed in the 
transmission of electrical. energy to » dis- 
tance, it may be, obviously, otherwise use- 
fully applied. In some instances, for exam- 
ple, it may be desirable to insulate and sup- 
port a conductor in places as is ordinarily 
done by means of. glass or porcelain insula- 
tors. "This may be effected in many ways by 
conveying a cooling agent either through the 
conductor or throngh an independent chan- 
nel and freezing or solidifying any kind of 
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substance, thus enabling it to serve the pur- ` 


pose. Such an artificial insulating-support 
is illustrated iu Fig. B, in which a represents 
a. vessel filled with water. or other substance 
w, frozen by the agent circulating through 
the hollow contiuetor C", which is thüs insu- 
Jated and supported. 
lation on the top, where it is most liable to 


give way,a layer of some substance w’, as oil, 
! may be used, and the conductor may be cov- 


ered near the support with insulation 7 7, as 
shown, the same extending into the oil, "for 
reasons well understood. 
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To i improve the insu- 
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Another typical application of my inven- ` 





4 


tion is shown in Fig. 9, in which P'and S' 
represent, respectively, the primary and sec- 


- ondary eonduetors, bare or insulated, of & 


то 


m 


20 


25 


transformer, which are wound. on а core N 
and immersed in water or other substance W, 


contained in a jar II, and, as before stated, 


preferably freed of air by boiling or other- 
wise. The cooling agent is circulated in апу 
convenient manner, as through the hollow 
primary I”, for the purpose uf freezing the 
substance W. Flanged bushings d and oil- 
eupsee, extending into the frozen mass, illus- 
trate suitable ineans for insulating the ends 
of: the two conductors and preventing the 
leakage of the currents., A transformer as 
deseribed is especially fitted for use with cur- 
rents of high frequency when a low tempera- 
ture of the conductors is particularly desir- 
&ble, and ice affords an exceptionally-effect- 
ive insulation. 

It will beunderstood that my invention may 
be applied in many other ways, that the spe- 
cial means here described will be greatly va- 
ried according to the necessities, and that in 
each case many expedients will be adopted 
which are well known to engineers and elec- 


, trieians and on which it is unnecessary to 
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dwell However, it may be useful to state 
that in some. instances a special provision 
will have to be made for effecting a uniform 
cooling of the substance surrounding the eon- 
ductor throughout its length... Assuming in 
Fig. 1 the cooling agent to escape at the dis- 
tant end freely into the atmosphere or into a 


. reservoir maintained at low pressure, it willin 


passing through the hollow conduetor C move 
with a velocity steadily inereasing toward the 
end, expanding isothermally, or nearly so, and 


hence it will causean approximately-uniform 


formation of ice along the conductor. In the 
plan illustrated in Fig. 3 a similar result will 
be in a measure attained, owing to the com- 
peusating effect of the hollow conductor C’ 
and C?, which may be still further enhanced 
by reversing periodically the direction of the 
flow in any eonvenient manner; but in many 
eases special arrangements will have to be 
employed to render the cooling more or less 
uniform. For instance, referring to Figs. 4, 
5, and 6, instead of a single channel two con- 
centric channels L’ and L? máy be provided 
and thecooling agent passed through one and 
returned through the other, as indicated, dia- 
grammatically, in Fig. 10. In this and any 
Similar arrangement when the flow takes place 
in opposite directions the object aimed at will 
be more completely attained by reducing the 
temperature of the circulating cooling agent 


at the distant station, which may be done by 


simply expanding it into a large reservoir, 
as Б", or cooling it by means of a tube or coil 
T? or otherwise. Evidently in the case illus- 
trated the concentric tubes may. be used as 
independent conductors if insulated from 
each other and from the ground by the frozen 
or solidified substance. | : 
Generally in the transmission of electrical 
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energy in large amounts, when the quantity 
of heat io be carried off may be considerable, 
refrigerating apparatus thoroughly. protected 
against the inflow of heat from the outside, 
as usual, will be employed at both the sta- 
tions and when the distance between them is 
very great. also at intermediate points, the 
machinery being advantageously operated by 
the currents transmitted or cooling agent 


freezing of the insulating. substance will. be 
attained without difficulty by the compen- 
sating. effeet of tho oppositely - circulating 
cooling agents. In large plants of this kind 
‘when the saving of electrical energy in the 


ation or when the chief object is to reduce 
the cost of, the mains by the employment of 
cheap metal, as iron or otherwise; every ef- 
fort will be inade to maintain the conductors 
at the lowest possible temperature, and well- 
known refrigerating processes, as those based 
on theregenerative principle, may be resorted 
to, and in this and any other ease the. hollow 


may themselves form active parts of the re- 
frigerating apparatus. 


seen that my invention forms a fundamen- 
tal departure in the principle from the estab- 
lished. methods of insulating conductors em- 
ployed ‘in the industrial and commercial ap- 
plication of electricity. It aims, broadly, at 


penditure of a moderate amount of energy 
instead of securing it only by virtue of an in- 
herent physical property of the material used 
as heretofore. 
tó provide, when and wherever required, in- 
sulation of high quality, of any desired thick- 


the transinission of electrical energy under 


able and at distances until now impracticable 
by dispensing with the necessity of using 
costly conductors and insulators. 

What I claim as my invention is— 

1. The method of insulating electric con- 
ductors hereiu described which consists in im- 
parting insulating properties to material sur- 
rounding or contignous to the said conductor 


cooling agent, as set forth. 


ductors herein described which consists in re- 
ducing to and maintaining in a frozen or so- 
lidified condition the material surrounding or 


tained in circulation through one or more 
channels as set forth, : . 

3. The method of insulating electrie con- 
duetors herein described which consists in 


material which acquires insulating properties 
when in a frozen or solidified state, and main- 


From the above description it will be readily: 


obtaining insulation by the continuous ex-. 


More especially, its object is | 


eonditions of economy heretofore unattain- 


by the continued action thereon of a gaseous- 


.'9. 'The method of insulating electric con-- 


contiguous to the said conductor by the ac- 
tion thereon of a gaseous cooling agent main- | 


surrounding or supporting the conductor by . 
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conveyed. . In sueh eases a fairly - uniform. . 


8o 


transmission is the most important consider- 
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ga- 


conductors or channelsinstead of merely serv- — 
ing the purpose of conveying thé cooling agent. 
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ness, and exceptionally cheap, ànd to enable . 
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‘taining ‘the material in such a state by the 


circulation through one or more channels ex- 
tending through it of a gaseous cooling agent, 
as set forth. 

4. The method of insulating an electric con- 
ductor which consists in surrounding or sup- 
porting said conductor by a material which 
acquires. insulating properties when frozen or 
solidified, and maintaining the material in 
such state by passing a gaseous cooling agent 
continuously through a chanuel in said con- 
ductor, as set forth. 

5. The method of insulating eleetrie eon- 
ductors, which consists in surrounding or sup- 
porting the said conductors by a material 
which acquires insulating properties when in 
a frozen or solidified state, and maintaining 
ihe material in such state by the continued 
application thereto of a gaseous cooling agent, 
as Set forth. 

6. The method of insulating conductors 
herein set forth which consists in surround- 
ing or supporting the conductors by a mate- 


‘rial which acquires insulating properties | 


when ina frozen or solidified state, and main- 
taining the material in such state by the сіг- 
culation of a gaseous cooling agent through 
a circuit of pipes or tubes extending through 
the said material as set forth. 

The method of insulating electric còn- 


ductors which consists in laying or support- |. 


ing the conductors in a trough or conduit fill- 


ing the trough with a material whieh : acquires 


insulating properties when frozen or solidi-: 


fied, and then causing a gaseous cooling agent 
to cirenlate through one or inore.chaunels ex- 
tending through the material in the trongh so 


as to freeze or solidify the material, ав ве} 


forth. 

8. The method of insulating electric con- 
ductors which consists in embedding thé same 
іп а moistor plastic componnd which acquires 
insulating properties when in a frozen or so- 
lidified State, and maintaining the compound 
in such state by cireulating à gaseous cooling 
agent throügh one or more channels extend- 
ing through the componnd, as set forth. 

9. The method of insulating electric con- 
ductors which cousists in laying or support- 


ing the conductors in a trough or conduit, fill- 


ing the trough with a material which acquires 
insulating properties when frozen or solidi- 
fied, protecting the trough from thesurround- 
ing medium i in which it is laid by an adia- 
thermanous inclosure, and then freezing or 
solidifying the material surrounding the con- 


ductors and maintaining the same in such. 
state by circulating a gaseous cooling agent. 


through one or more channels. extending 
throügh the same, as set forth. 
NIKOLA TESLA. 
Witnesses: 
DRURY W. COOPER, 
JOHN C. KERR. 
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